METHOD AND APPARATUS FOR DECOMPOSING POLLUTANT 

BACKGROUND OF THE INVENTION 

■ * 

Field of the Invention 

[0001] The present invention relates to a method and an 
apparatus for decomposing a pollutant. Such pollutants 
include, for example, organohalogen compounds such as 
organochlorine compounds. 

r * f 

Description of the Related Art 

[0002] A large quantity of organochlorine compounds such 
as chlorinated ethylenes and chlorinated methanes are used 
as a result of recent advances in technology, and treatment 
and disposal of these compounds becomes a serious problem. 
In addition, these compounds act as pollutants after use and 
pollute the environment, also inviting a serious problem. 
Much effort has therefore been expended to solve the 
problems . 

[0003] By taking a chlorinated ethylene as an example, 
methods of treating these pollutants include methods of 
decomposing the chlorinated ethylene with the use of an 
oxidizing agent or a catalyst. Specifically, such methods 
include a method of decomposing the chlorinated ethylene 
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with ozone (Japanese Patent La id-Open No. 3-38297) and a 
method of applying ultraviolet rays to the chlorinated 
ethylene in the presence of hydrogen peroxide (Japanese 
Patent Laid-Open No. 63-218293). U.S. Patents No. 5 , 525 > 008 
5 and No. 5,611,642 indicate the use of sodium hypochlorite as 
an oxidizing agent. U.S. Patent No. 5,582,741 proposes a 
technique in which sodium' hypochlorite and ultraviolet ray 
irradiation are used in combination. Japanese Patent Laid- 
Open No. 7-144137 discloses a method in which a 
10 photocatalyst comprising fine particles of an oxide 

semiconductor, such as titanium oxide, is suspended in a 
liquid chlorinated ethylene under an alkaline condition, and 
the chlorinated ethylene is decomposed by light irradiation. 
[0004] In addition to , the sibove techniques, 
15 photodecomposition techniques; of applying ultraviolet rays 
in a gaseous phase to the target pollutant without using an 
oxidizing agent have been proposed. Such techniques include, 
for example, a method in which an exhaust gas containing an 
organohalogen compound isr irradiated with ultraviolet rays 



20 to form an acidic decomposed gas, and the acidic decomposed 
gas is washed with an alkali and thereby becomes harmless 
(Japanese Patent Laid-J)pen No. 62-191025) and an apparatus 
in which waste water containing an organohalogen compound is 
aerated, the resulting exhaust gas is irradiated with 

25 ultraviolet raiys and /is washed with an alkali (Japanese 
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Patent Lald-Open No. 62-191095). Japanese Patent Laid-Open 
No. 8-257520 discloses decomposition of a chlorinated 
ethylene with powdered^iron . In this procedure , the 
chlorinated ethvl^ne is probably reductively decomposed. 
Reductive decomposition of tetrachloroethylene (hereinafter 
brief lyrref erred to as "PCE" ) using fine silicon particles 

also been reported. 
[0005] Chlorinated aliphatic hydrocarbons such as 
trichloroethylene (hereinafter briefly referred to as " TCE " ) 
10 and PCE are known to be aerobically or anaerobically 

decomposed by microorganisms. An attempt has been made to 
decompose the pollutants or remedy the polluted matter using 

". - ■ . . ' 
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soich techniques. 

[0006] As thus described, various methods for decomposing 
15 organochlorine compounds have been proposed. However, some 
of these conventional methods require complicated apparatus 
for decomposition or require further remediation of a 
decomposed matter by treating with activated carbon or with 
microorganisms, in order to avoid secondary pollution. 
20 Others exhaust a large quantity of waste water after 
decomposition of the pollutant in some cases. After 
investigations under these circumstances, the present 
inventors reached a conclusion that there is a demand on a 
technique for decomposing pollutants such as organochlorine 
25 compounds, which technique invites less problems and is 
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environmentally sound. Specifically, there is a demand to 
provide a method of more ecologically friendly, more easily 
and more efficiently decomposing a pollutant and to provide 
an apparatus for decomposing the pollutant for use in the 
5 decomposition method. 

[0007] After intensive investigations to satisfy these 
demands, the present inventors have found that excellent 
decomposing capability can be obtained by mixing a liquid or 
air containing a pollutant, such as an organochlorine 

10 compound, with a functional water (e.g., an acidic water) 
and/or with air containing chlorine formed by aeration of 
the functional water, and irradiating the resulting mixture 
with light. The functional water is obtained by 
electrolysis of water and has been reported to have a 

15 bactericidal effect (Japanese Patent Laid-Open No. 1-180293) 
and a cleaning or remedying effect of a polluted matter on a 
semiconductor wafer (Japanese Patent Laid-Open No. 7-51675). 
[0008] Based on the aforementioned findings, the present 
inventors have made various proposals on methods and 

20 apparatus for decomposing a pollutant, in which the 
pollutant is decomposed under light irradiation in a 
functional water or air containing chlorine formed by 
aeration of the functional water. For example, in a 
technique proposed in Japanese Patent Application No. 12- 

25 181636, the pollutant is decomposed in air containing 



chlorine formed by aeration of the functional water. 
[0009] In these techniques , for example, optically 
transparent glass is used as a decomposition reactor, and 
light is applied via the glass from the outside of the 
reactor. However, most of the applied light is not utilized 
in the reaction and is emitted and radiated from the reactor 
to the outside. Specifically, these techniques should still 
be improved in running costs and energy efficiency by the 
efficient use of the light. 

[0010] Transparency inside conventional photoreactipn 

i 

reactors is low in many cases, which conventional 
photoreaction reactors have been used before the present 
inventors have proposed the method of decomposing a 
pollutant in chlorine under light irradiation. This is 
because a reaction mixture or gas itself is contaminated by 
impurities, insoluble, substances are formed during a 
reaction, or reaction products constitute mists in a 
reaction gas. in such a reactor using a photocatalyst , the 
reactor houses the photocatalyst or is filled with fine 
particles of the photocatalyst, and thereby light is 
absorbed by the photocatalyst. Accordingly, these 
conventional reactors for photoreaction can efficiently 
utilize direct light of the irradiated light in the reactors 
and do not allow the light to pass through and escape from 
the reactors, thus inviting no decreased efficiency. In 



such a photoreaction, ultraviolet rays are mainly used as 
the light. Such ultraviolet rays have a short wavelength 
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and are readily absorbed and decreased in a reaction field. 
Light passing through the reactor and escaping from the 
opposite side of the reactor toward surroundings can be 
negligible in this case, and there is no need of arranging a 
reflecting plate on the opposite side of the reactor. 
[0011] However, when a polluted water and/or polluted air 
containing chlorine is irradiated with visible light in the 
range of wavelengths of equal to or more than 300 nm, the 
present inventors have found the following findings. The 
inside chlorine gas and/or dissolved chlorine is not such a 
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high concentration as to decrease the transparency in the 
reactor, the reactor only includes transparent water or air 

4 

and includes no content that decreases the transparency, and 
neither precipitates nor concentrated mists are formed 
during a reaction. As the visible light in the range of 
wavelengths of equal to or more than 300 nm is used, the 
light does not so much decrease as ultraviolet rays even 
after passing through the reaction field. For these reasons 
the conventional reactors cannot sufficiently utilize most 
of the irradiated light and allow the irradiated light to 
escape from the reactors toward surroundings in this type of 
decomposition reactions, thus inviting decreased efficiency. 
These conventional reactors are therefore still to be 



improved. 

SUMMARY O F THE INVENTION 

[0012] Under these circumstances , the present inventors 
have made further investigations and close experiments on 
practical embodiments of the techniques and have found that 
it is important to efficiently apply light to a reaction 
field in order to more efficiently decompose a pollutant at 
lower running costs . The present invention has been 
accomplished based on these findings. 

[0013] Specifically, the present invention provides, in 
one aspect, an apparatus for decomposing a pollutant, 
including a case for housing a subject to be treated, a 
light irradiation means for irradiating the subject with 
light, and a light reflecting unit for reflecting the light 
irradiated by the light irradiation means, in which the 
light reflecting unit is arranged so as to reflect light 
passing through the subject to thereby irradiate the subject 
with the reflected light. 

[0014] The subject to be treated preferably includes a 
pollutant and chlorine. 

[0015] The light-reflecting surface is preferably formed 
in such a manner that reflected light derived from the light 
from the light-irradiation device is applied to the subject 



to be treated. 

[0016] In the apparatus of the present invention, 
preferably, the case is cylindrical, the light-reflecting 
surface is formed on the inner surface of the case, and the 
light-^irradiation device is a rod-shaped light source placed 
at the cylindrically central axis of the case. 
[0017] Alternatively, it is preferred that the apparatus, 
further includes an elliptically cylindrical reflecting 
mirror having the light-reflecting surface on its inner 
surface, the case is placed at one of the elliptical focuses 
of the reflecting mirror, and the light-irradiation device 
is a rod-shaped light source placed at the other focus of 
the reflecting mirror. 

[0018] In the apparatus, it is preferred that the case 
includes a material optically opaque to visible light, and 
the light-reflecting surface is formed by mirror finishing 
the inner surface of the case. 

[0019] Alternatively, it is also preferred that the case 
includes a material optically transparent to visible light, 
and the light-reflecting surface is a reflective film formed 
on the outer surface of the case. 

[0020] In another aspect, the present invention provides 
an apparatus for decpmposing a pollutant, including a first 
case for housing a subject to be treated, a light- 
irradiation device for irradiating the subject with light 



and a second case for housing the first case and the light- 
irradiation device, in which the second case has a light- 
reflecting surface. 

[0021] The present invention provides, in yet another 
aspect, an apparatus for decomposing a pollutant, including 
a case for housing a subject to be treated and a light- 
irradiation device for irradiating the subject with light, 
in which the case has a light-reflecting surface. 
[0022] The present invention also includes the 
combinations of these configurations. 

[0023] The present invention also includes methods of 
decomposing a pollutant. Specifically, the present 
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invention provides, in a further aspect , a method of 
decomposing a pollutant, the method includes the steps of 
housing a subject to be treated in a case having a light- 
reflecting surface, irradiating the subject with light and 
thereby decomposing the pollutant in the subject. 
[0024] In the above method, it is preferred that the case 
is cylindrical, the light-reflecting surface is formed on 
the inner surface of the case, and the light is applied from 
a rod-shaped light source placed at the cylindrically 
central axis of the case. 

[0025] In the method, the case is preferably formed from 
a material optically opaque to visible light, and the light- 
reflecting surface is preferably formed by mirror finishing 



the inner surface of the case. 

[0026] Alternatively, the case is preferably formed from 
a material optically transparent to visible light, and the 
light-reflecting surface preferably includes a reflective 
film formed on the outer surface of the case. 
[0027] The chlorine can be obtained by bringing air into 
contact with the functional water. To this end, the 
apparatus may include an aeration device for bringing the 
air into contact with the functional water, ah air supply 
device for supplying the air to the aeration device, and a 
functional-water supply device for supplying the functional 
water to an aeration case. 

[0028] The subject to be treated can be obtained by 
bringing air containing the pollutant (polluted air) into 
contact with the functional water. To this end, the 
apparatus may include an aeration device for brining the 
polluted air into contact with the functional water, a 
polluted-air supply device for supplying the polluted air to 
the aeration device, and a functional-water supply device 
for supplying the functional water to an aeration case. 
[0029] The air is preferably brought into contact with 
the functional water by using an air diffuser. To this end, 
the aeration device may include an air diffuser. 
[0030] In another aspect, the present invention provides 
a method of decomposing a pollutant, the method includes the 



steps of housing a subject to be treated in a first case, 
irradiating the subject with light by a light-irradiation 
device, and thereby decomposing the pollutant in the subject 
In the method, a second case housing the first case and the 
light-irradiation device and having a light-reflecting 
surface is used. 

[0031] In addition and advantageously, the present 
invention provides a method of decomposing a pollutant, the 
method including the steps of irradiating a subject to be 
treated with light/ which subject includes chlorine and the 
pollutant, reflecting light passing through the subject, and 
irradiating the subject with the reflected ligfht reflected 
in the reflecting step. 

[0032] The present invention also includes combinations 
of the above methods within its scope. 

[0033] The present invention can provide methods and 
apparatus having excellent running costs and energy 
efficiency, in which the irradiated light can be prevented 
from dissipation during light irradiation. 
[0034] Further objects, features and advantages of the 
present invention will become apparent from the following 
description of the preferred embodiments with , reference to 
the attached drawings . 

* * 

BRTEF DESCRTPTTON OF THE DRAWINGS 



[0035] Figs. 1A and IB are a schematic diagram and a 

partial top view, respectively, of a decomposition apparatus 

as an embodiment of the present invention; 

[0036] Fig. 2 is a schematic diagram of a modified 

portion of the decomposition apparatus of Fig. 1A, as 

another embodiment of the present invention; 

[0037] Figs. 3A and 3B are a schematic diagram and a 

partial top view, respectively, of a decomposition apparatus 

as another embodiment of the present invention; 

[0038] Figs. 4A and 4B are a schematic diagram and a 

partial top view, respectively, of a decomposition apparatus 

as another embodiment of the present invention; 
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[0039] Figs. 5A and 5B are a schematic diagram and a 

partial top view, respectively, of a decomposition apparatus 

as another embodiment of the present invention; 

[0040] Figs. 6A and 6B are a schematic diagram and a 

partial top view, respectively, of a decomposition apparatus 

as another embodiment of the present invention; 

[0041] Figs. 7A and 7B are a schematic diagram and a 

partial top view, respectively, of a decomposition apparatus 

as another embodiment of the present invention; 

[0042] Figs. 8A and 8B are a schematic diagram and a 

partial top view, respectively, of a decomposition apparatus 

as another embodiment of the present invention; 



[0043] Figs. 9A and 9B are a schematic diagram and a 
partial top view, respectively, of a decomposition apparatus 
as another embodiment of the present invention; and 
[0044] Figs. 1 OA and 10B are a schematic diagram and a 
partial top view, respectively, of a decomposition apparatus 
as another embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0045] Preferred embodiments of the present invention 
will be illustrated below with reference to the attached 
drawings . 

[0046] Each of the embodiments includes two 
configurations each utilizing a light-reflecting unit having 
a similar shape. The two configurations are a configuration 
in which air containing a pollutant (a polluted air) is 
treated, and a configuration in which a liquid containing a 
pollutant is treated. Such liquids containing a pollutant 
include, for example, a water containing a pollutant (a 
polluted water). 

[0047] The light-reflecting unit is not specifically 
limited to a flat light-reflecting surface as described 
below and includes a light-reflecting surface, a unit having 
many depressions and protrusions on its surface, a unit 
having a paraboloid of revolution, and any other 



configurations , as long as they can reflect the light. 
[0048] When the polluted air is treated, a case serving 
as the decomposition reactor may be monolithic or separated. 
When the polluted air is treated, a liquid containing 
chlorine (chlorine-containing liquid) may be aerated with 
the polluted air or, alternatively, the polluted air may be 
directly supplied to the decomposition reactor.. 
[0049] A source of chlorine includes a liquid containing 
chlorine (a chlorine-containing liquid) . When the polluted 
air is treated, the chlorine source also includes chlorine 
gas. In this configuration, the chlorine gas may be 
directly mixed with the polluted air. 

[0050] A water containing chlorine (a chlorine-containing 
water) can be used as the chlorine-containing liquid. Such 
chlorine-containing waters include a functional water and a 
water aerated with chlorine gas (hereinafter briefly 
referred to as "chlorine-gas aerated water" ) obtained by 
bringing the chlorine gas into contact with the water. 
[0051] The chlorine-gas aerated water can be prepared by 
using chlorine gas from a chlorine gas storage container 
such as a chlorine gas cylinder. For example, the chlorine- 
gas aerated water can be prepared by placing water in a 
reservoir having an aeration means, supplying the chlorine 
gas from the chlorine gas storage container via a pressure 
reducing device such as a pressure reducing valve to the 



aeration means, and thereby bringing the chlorine gas into 
contact with the water. 

[0052] As the functional water, an electrolyzed 
functional water obtained by electrolysis of water and a 
synthesized functional water obtained by dissolving various 
reagents in water can be used. 

[0053] - Gases containing chlorine include, for example, 
chlorine gas and air containing chlorine. As a chlorine- 
containing gas supply device for supplying the gas 
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containing chlorine to the case, a chlorine gas storage 
container such as a chlorine gas cylinder and, where 
necessary, a pressure reducing device such as a pressure 
reducing valve can be used. The apparatus according to the 
present invention may further comprise a means for mixing 
air with the chlorine gas and thereby yielding air 
containing chlorine. Additionally, the apparatus may 
further comprise piping and instrumentation according to 
necessity. 

First Embodiment 
[0054] Figs. 1A and IB show the basic configuration of an 
embodiment of a decomposition apparatus when a pollutant 
contained in a gas is decomposed. Even when a subject to be 
treated is water containing a dissolved pollutant, the 
apparatus can decompose the pollutant in a similar manner 
after aerating the polluted water and thereby gasifying the 



pollutant . 

[0055] With reference to Fig. 1A, a chlorine-containing 
liquid supply means includes a chlorine-containing liquid 
supply unit 102 , a chlorine-containing liquid supply pump 
108 and piping. A decomposition reactor 101 includes an 
aeration means 107 for aerating the chlorine-containing 
liquid pooled at the bottom and a cylindrical case for 
housing the subject to be treated. Fig. IB is a top view of 
the decomposition reactor 101. The decomposition reactor 
101 has a reflecting layer 600 on its inner or outer surface 
and the reflecting layer 600 reflects light and constitutes 
a light-reflecting surface. 

[0056] The decomposition reactor 101 houses a rod-shaped 
light source 106 serving as a light irradiation means and 
placed at the cylindrical center axis of the case of the 
decomposition reactor 101. A substance to be decomposed 
(hereinafter briefly referred to as "pollutant") in a liquid 
phase and a gaseous phase in the decomposition reactor 101 
is decomposed by light irradiated from the light source 106 
and reflected light reflected inside the case of the 
decomposition reactor 101. 
^[0057] A chlorine-containing liquid is supplied from the 
chlorine-containing liquid supply unit 102 to the 
decomposition reactor 101 and is aerated by the aeration 
means 107 placed at the bottom of the decomposition reactor 



101, and thereby the decomposition reactor 101 is filled 
with air containing chlorine. In this embodiment, air 
containing the pollutant (a polluted air) is supplied from . 
the outside. Specifically, the polluted air is supplied 
from a polluted-gas supply pipe 103 as a polluted-air supply 
means to the aeration means 107. Alternatively , air 
containing no pollutant may be supplied from an air supply 
means to the aeration means 107, and the air containing the 
pollutant is supplied from a supply means , not shown, to the 
decomposition reactor 101. The former configuration, in 
which the air containing the pollutant is supplied to the 
aeration means 107, and thereby the chlorine-containing 
liquid and air each containing chlorine and the pollutant 
are formed in the decomposition reactor 101, can 
advantageously be simpler than the latter configuration. 
[0058] In. the latter case, the pollutant becomes 
insoluble in the chlorine-containing water, and monitoring 
and af tertreatment of a waste water containing chlorine are 
not required. 

[0059] The aeration of the chlorine-containing liquid 
with the polluted air makes the pollutant dissolved in the 
chlorine-containing liquid. The chlorine-containing liquid 
and air each containing the pollutant constitute a subject 
to be treated. Light is applied to the subject from the 
light irradiation means 106 for a desired retention time arid 



thereby decomposes the pollutant. 

[0060] According to the present invention, the 
decomposition reactor 101 has the light-reflecting surf ace 
60,0 and thereby efficiently decomposes the pollutant. 
[0061] The chlorine-containing liquid can be supplied in 
a batch system or in a continuous system. To supply the 
chlorine-containing liquid in the batch system, a drain pipe 
109 may be closed. 

[0062] Instead of forming the light-reflecting surface 
600, the decomposition reactor 101 may be composed of a 
metal. In this case, the inside of the outer case thereof 
is preferably mirror-finished. A rust^-resistant metal such 
as SUS 316 is preferably used as the metal. When the 
decomposition reactor 101 is composed of a material 
optically opaque to the visible light, such as an optically 
opaque plastic, the light-reflecting surface should 
preferably be formed on the inner surface of the 
decomposition reactor 101. This type of light-reflecting 
surface is formed, for example, by vapor deposition of the 
film of a luster metal. On this film, an inorganic coating, 
such as a silicon dioxide film, can be formed as a 
protective film. The inorganic film permits the light to 
pass through and protects the light-reflecting surface. 
More preferably, the material (the luster metal) 
constituting the light-reflecting surface further comprises 



a fluorine compound, such as a f luoroalkylsilane or ethylene 
tetraf luoride, and thereby improves corrosion resistance. 
[0063] When the decomposition reactor 101 is made of 
glass or an optically transparent plastic, a reflective film 
is preferably formed on the outer surface of the 
decomposition reactor 101. The reflective film can be 
formed by vapor deposition of the film of a luster metal. 
In this case, an underlayer is more preferably polished 
before vapor deposition. Alternatively, the reflective film 
may be formed by covering the case with a reflecting plate 
such as an aluminum foil. 

[0064] The case can be divided into plural units 
depending on functions. For example, a unit 700 (Fig. 2) 
for aerating the chlorine-containing liquid at the bottom of 
the decomposition reactor of Figs. 1A and IB is isolated as 
a chlorine-containing liquid aeration tank 201. In the 
chlorine-containing liquid aeration tank 201, the chlorine- 
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containing liquid is aerated with air containing the 
pollutant, and the resulting air containing chlorine and the 
pollutant is supplied to the decomposition reactor 101 and 
is irradiated with light. Fig. 2 shows a modified portion 
alone of the configuration of the decomposition reactor 101 
shown in Fig. 1A, in which part of the case is isolated as 
the chlorine-containing liquid aeration tank 201. In this 
case, the light-reflecting surface may be formed in an upper 



part 800 (Fig. 2) alone of the decomposition reactor 101. 
[0065] Another configuration (not shown) basically 
according to the > conf iguration of Fig. 1A or 2 is also 
acceptable. In this configuration, air or another gas 
containing the pollutant is directly supplied to the 
decomposition reactor 101, air containing no pollutant is 

i T 

separately supplied from an air supply means to .the aeration 
means 107 to form air containing chlorine, thereby a gaseous 
mixture of the two gases is formed as a subject to be 
treated in the gas phase of the decomposition reactor 101 
and is irradiated with light. 

[0066] These configurations can prevent the irradiated 
light applied to the decomposition reactor 101 from 
radiating and escaping from the decomposition reactor 101 to 
the outside before utilization of light in the decomposition 
reaction and can more efficiently decompose the pollutant. 
[0067] Alternatively, air or another gas containing the 
pollutant is directly supplied to the decomposition reactor 
101, chlorine gas supplied from a chlorine gas storage 
container or air or another gas containing the chlorine gas 
is supplied to the decomposition reactor, thereby a gaseous 
mixture of the two gases is formed as the subject to be 
treated in a gaseous phase of the decomposition reactor 101, 
and the subject is irradiated with light. In this 
configuration, a liquid phase is not required. Further 



alternatively, the polluted air and the chlorine-containing 
gas are separately supplied to the decomposition reactor 101 
or a gas containing chlorine and the pollutant is prepared 
outside the decomposition reactor 101, and the resulting gas 
is supplied to the decomposition reactor 101. In this 
configuration, one means serves both as the chlorine- 
containing gas supply means and the polluted air supply 
means . ^ 

Second Embodiment 
[0068] Figs. 3A and 3B are a schematic diagram and a 
partial top view, respectively, of the basic configuration 
of a decomposition apparatus as another embodiment of the 
present invention, in which a pollutant dissolved in water 
(a polluted water) is decomposed. 

[0069] The configuration of the apparatus shown in Figs. 
3A and 3B is basically the same as the apparatus of Figs. 1A 
and IB, except the position of a drain pipe 309 
(corresponding to the drain pipe 109 in Fig. 1A), the gas- 
liquid ratio in the decomposition reactor, and the presence 
or absence of the aeration means. The pollutant can more 
efficiently be decomposed by agitating the liquid in the 
decomposition reactor using an aeration means or propeller. 
[0070] The pollutant can be decomposed in a batch system 
or in a continuous system. In the batch system, a drain 
pipe 309 may be closed.. 



Third Embodiment 
[0071] Figs. 4A and 4B are a schematic diagram and a 
partial top view, respectively , of the basic configuration 
of a decomposition apparatus as another embodiment of the 
present invention , in which a pollutant contained in a gas 
is decomposed. Even when the pollutant is dissolved in 
water (a polluted water), this configuration can. be applied 
after aerating the polluted water and thereby gasifying the 
pollutant. 

[0072] With reference to Fig. 4A, an elliptically 
cylindrical reflecting mirror 400 houses a cylindrical 
decomposition reactor 401 at one focus of the ellipse and 
the rod-shaped light source 106 as a light irradiation means 
at the other focus. The decomposition reactor 401 includes 
an aeration means 107 for aerating a chlorine-containing 
liquid pooled at its bottom, is composed of a material 
optically transparent to the visible light and houses a 
subject to be treated. The pollutant in a liquid phase and 
a gaseous phase inside the decomposition reactor 401 is 
decomposed by light directly irradiated from the light 
irradiation means 106 and light reflected inside the 
reflecting mirror 400. 

[0073] By making the reflecting mirror 4 00, for example, 
of a metal, a light-reflecting surface for reflecting light 
can be formed without requiring a complicated preparation 



process. The inner surface of the reflecting mirror 400 is 
more preferably mirror-finished in order to more efficiently 
utilize the light. Such a mirror can also be formed by 
vapor deposition of a luster metal. Specif ically, when the 
base of the reflecting mirror 400 is made of a material 
optically opaque to the visible light, such as an optically 
opaque plastic , the reflecting mirror 400 preferably 
comprises the film of such a luster metal formed on the 
inner surface of the reflecting mirror 400 by vapor 
deposition. The reflecting mirror 400 is not directly in 
contact with chlorine gas or the pollutant and has only to 
have a conventional corrosion-resistant protective film. 
[0074] When the base of the reflecting mirror 400 is made 
of an optically transparent material, such as glass or an 
optically transparent plastic, a reflective film is 
preferably formed on the outer surface of the reflecting 
mirror 400 by vapor deposition of a luster metal. In this 
case, an underlayer is more preferably polished before vapor 
deposition. Alternatively, the reflective film may be 
formed by covering the reflecting mirror 4 00 with a 
reflecting plate such as an aluminum foil. The reflective 
film may be formed on the inner surface of the reflecting 
mirror 4 00. 

[0075] In this configuration, the chlorine-containing 
liquid may be supplied in a batch system or in a continuous 



system. 

[0076] In the third embodiment, the case can be separated 
depending on functions as in the first embodiment shown in 
Fig- 2. For example, a unit for aerating the chlorine- 
containing liquid at the bottom of the decomposition reactor 
of Fig. 4A is isolated as a chlorine-containing liquid 
aeration tank. In -the chlorine-containing liquid aeration 
tank, the chlorine-containing liquid is aerated with air 
containing the pollutant, and the resulting air containing 
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chlorine and the pollutant is supplied to the decomposition 
reactor 401 and is irradiated with light. 

[0077J Alternatively, another configuration not shown is 
also acceptable. In this configuration, air or another gas 
containing the pollutant is directly supplied to the 
decomposition reactor 401 or its separated, modification, air 
containing no pollutant is separately supplied from an air 
supply means to the aeration means 107 to form air 
containing chlorine, thereby a gaseous mixture of the two 
gases is formed as the subject to be treated in the gaseous 
phase of the decomposition reactor and is irradiated with 
light. 

[0078] Further alternatively, air or another gas 
containing the pollutant is directly supplied to the 
decomposition reactor 401, chlorine gas supplied from a 
chlorine gas storage container or air or another gas 



containing the chlorine gas is supplied to the decomposition 
reactor 4 01 , thereby a gaseous mixture of the two gases is 
formed as the subject to be treated in a gaseous phase of 
the decomposition reactor 401, and the subject is irradiated 
with light. In this case, a liquid phase is not required. 
Further alternatively, the polluted air and the chlorine- 
containing gas are separately supplied to the decomposition 
reactor 401, or a gas containing chlorine and the pollutant 
is prepared outside the decomposition reactor 401, and the 
resulting gas is supplied to the. decomposition reactor 401* 
In this case, one means serves both as the chlorine- 
containing gas supply means and the polluted air supply 
means . 

Fourth Embodiment 
[0079] Figs. 5A and 5B are a schematic diagram and a 
partial top view, respectively, of the basic configuration 
of a decomposition apparatus as another embodiment of the 
present invention, in which a pollutant dissolved in water 
(a polluted water) is decomposed. 

[0080] The configuration of the apparatus shown in Figs. 
5A and 5B is basically the same as the apparatus of Figs. 4A 
and 4B, except that the position of a drain pipe 509 and the 
gas-liquid ratio in the decomposition reactor are different, 
and that the apparatus shown in Figs. 5A and 5B includes no 
aeration means. The pollutant can more efficiently be 



decomposed by agitating the liquid in the decomposition 
reactor using an aeration means or a propeller, but such an 
agitation means is not always required. 

[0081] According to. this configuration, the! pollutant may 
be decomposed in a batch system or in a continuous system. 

* r * 

Fifth Embodiment 
.[0082] . Figs... 6A.and . 6B- are a -schematic diagram and a 
partial top view, respectively, of the basic configuration 

i ■ t 

of a decomposition apparatus as another embodiment of the 
present invention, in which a pollutant contained in a gas 
is decomposed. Even when the pollutant is dissolved in 
water (a polluted water ), this configuration can be applied 
after aerating the polluted water and thereby gasifying the 
pollutant . 

[0083] With reference to Fig. 6A, a cylindrical 
reflecting plate 6 00 houses a cylindrical decomposition 
reactor 601 at the center and one or more pieces of the rod- 
shaped light source 106 as the light irradiation means 
surrounding the decomposition reactor 601. The 
decomposition reactor 601 includes an aeration means 107 for 
aerating a chlorine-containing liquid pooled at its bottom, 
is made of a material optically transparent to the visible 
light in the range of wavelengths of equal to or more than 
300 nm and houses a subject to be treated. The pollutant in 
a liquid phase and a gaseous phase inside the decomposition 



reactor 601 is decomposed by light directly irradiated by 
the light irradiation means 106 and light reflected inside 
the reflecting plate 600. 

[0084] When the reflecting plate 600 is made of a metal, 
it can reflect the light without any special processing. 
More preferably, the inner surface of the reflecting plate 
600 is mirror-finished or carries an evaporated film of a 
luster metal. Alternatively, when the base of the 
reflecting plate 600 is made of a material optically opaque 
to the visible light, such as an optically opaque plastic, 
the inner surface of the reflecting plate 600 preferably 
carries an evaporated film of a luster metal. The 
reflecting plate 600 is not directly in contact with 
chlorine gas or the pollutant and has only to have a 
conventional corrosion-resistant protective film. 
[0085] When the base of the reflecting plate 600 is made 
of an optically transparent material, such as glass or an 
optically transparent plastic, a reflective film is 
preferably formed on the outer surface of the reflecting 
plate 600 by vapor deposition of a luster metal. In this 
case, an underlayer is more preferably polished before vapor 
deposition. Alternatively, the reflective film may be 
formed by covering the reflecting plate 600 with a 
reflecting plate such as an aluminum foil. The reflective 
film may be formed on the inner surface of the reflecting 



plate 600. 

[0086] According to this configuration, the chlorine- 
containing liquid can be supplied in a batch system or in a 
continuous system. 

[0087] In the fifth embodiment , the case can be separated 
depending on functions as in the first embodiment shown in 
Fig. 2. For example, a unit . for aerating the chlorine- 
containing liquid at the bottom of the decomposition reactor 
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601 of Figs. 6A and 6B is isolated as a chlorine-containing 
liquid aeration tank. In the chlorine-containing liquid 
aeration tank, the chlorine-containing liquid is aerated 
with air containing the pollutant, and the resulting air 
containing chlorine and the pollutant is supplied to the 
decomposition reactor 601 and is irradiated with light. 

Modified Fifth Embodiment 
[0088] The configuration according to the fifth 

* 

embodiment can be modified. In this modified configuration, 
air or another gas containing the pollutant is directly 
supplied to the decomposition reactor 601 or its separated 
modification, air containing no pollutant is separately 
supplied from an air supply means to the aeration means 107 
to form air containing chlorine, thereby a gaseous mixture 
of the two gases is formed as the subject to be treated in 
the gas phase of the decomposition reactor and is irradiated 
with light. 



[0089] Alternatively, air or another gas containing the 
pollutant is directly supplied to the decomposition reactor 
601, chlorine gas supplied from a chlorine gas storage 
container or air or another gas containing the chlorine gas 
is supplied to the decomposition reactor 601, thereby a 
gaseous mixture of the two gases is formed as the subject to 
be treated in a gaseous phase of the decomposition reactor 
601, and the subject is irradiated with light. In this case 
a liquid phase is not required. Further alternatively, the 
polluted air and the chlorine-containing gas are separately 
supplied to the decomposition reactor 601, or a gas 
containing chlorine and the pollutant is prepared outside 
the decomposition reactor 601, and the resulting gas is 
supplied to the decomposition reactor 601. In this case, 
one means serves both as the chlorine-containing gas supply 
means and the polluted air supply means . 

[0090] Of these two configurations , Figs. 7A and 7B show 
the configuration in which the air or another gas containing 
the pollutant is directly supplied to the decomposition 
reactor 601, which decomposition reactor 601 is a separated 
type of the decomposition reactor according to the fifth 
embodiment. 

[0091] In this configuration, the air or another gas 
containing the pollutant (a polluted gas) is directly 
supplied from a polluted-gas supply pipe 703 to the 



decomposition reactor 601 , and separately, air containing no 
pollutant is supplied from an air supply means (not shown) 
to the aeration means 107 in a chlorine-containing liquid 
aeration tank 701 and thereby yields an air containing 
chlorine, the pollutant is mixed with chlorine in the 
decomposition reactor 601 and is irradiated with light from 
the light irradiation means 106. Instead of forming, the air 
containing chlorine in the chlorine-containing liquid 
aeration tank 701, chlorine gas supplied from a chlorine gas 
cylinder may directly be supplied to the decomposition 
reactor 601 and mixed with the pollutant. In this 
configuration, a liquid phase is not required. 

Sixth Embodiment 
[0092] Figs. 8A and 8B are a schematic diagram and a 
partial top view, respectively, of the basic configuration 
of a decomposition apparatus as another embodiment of the 
present invention, in which a pollutant dissolved in water 
(a polluted water) is decomposed. 

[0093] The configuration of the apparatus shown in Figs. 
8A and 8B is basically the same as the apparatus shown in 
Figs. 6A and 6B, except that the position of a drain pipe 
809 and the gas-liquid ratio in the decomposition reactor 
are different, and that the apparatus shown in Figs. 8A and 
8B includes no aeration means. The polluted water is 
supplied from a polluted water supply pipe 803. The 



pollutant can more efficiently be decomposed by agitating 
the liquid in the decomposition reactor using an aeration 
means or a propeller, but such an agitation means is not 
always required . 

[0094] According to this configuration, the pollutant may 
be decomposed in a batch system or in a continuous system. 

Seventh Embodiment 
[0095] Figs. 9A and 9B are a schematic diagram and a 
partial top view/ respectively, of the basic configuration 
of a decomposition apparatus as another embodiment of the 
present invention, in which a pollutant contained in a gas 
is decomposed. Even when the pollutant is dissolved in 
water (a polluted water) , this configuration can be applied 
after aerating the polluted water and thereby gasifying the 
pollutant . 

[0096] The case for use herein includes, for example, a 
hollow columnar case. Such columnar cases include, but are 
not limited to, a rectangular case having rounded corners in 
cross section as shown in Figs. 9A and 9B, and a circular 
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cylindrical case. 

[0097] With reference to Fig. 9A, the apparatus includes 
a columnar decomposition reactor 901, a flat or curved 
reflecting plate 900 and one or more pieces of the light 
source 106 as the light irradiation means. The 
decomposition reactor 901 is sandwiched between the 



reflecting plate 900 and the light source 106 and includes 
an aeration means 107 for aerating a chlorine-containing 
liquid pooled at its bottom, is composed of a material 
optically transparent to the visible light in the range of 
wavelengths of equal to or more than 300 nm and houses a 
subject to be treated. The pollutant in a liquid phase and 
a gaseous phase inside the decomposition reactor 901 is 
decomposed by light directly irradiated from the light 
irradiation means 106 and light reflected by the reflecting 
plate 900. The polluted gas is supplied from a polluted ga 
supply pipe 903. 

[0098] The reflecting plate 900 may be in the form of a 
plate haying a sectional area equal to or somewhat larger 
than that of the decomposition reactor 901 or may be curved 
so as to cover part of the decomposition reactor 901. The 
reflecting plate 900 in Fig. 9A is at a distance from the 
decomposition reactor 901 , but the two components may be 
placed in close contact with each other. Alternatively, a 
metal film is deposited on the decomposition reactor 901 on 
the opposite side to the light irradiation means 106 and 
thereby serves as the reflecting plate. 

[0099 J When the reflecting plate 900 is made of a metal, 
it can reflect the light without any special processing. 
More preferably, the inner surface of the reflecting plate 
900 is mirror-finished or carries an evaporated film of a 



luster metal. Alternatively, when the base of the 
reflecting plate 900 is made of a material optically opaque 
to the visible light, such as an optically opaque plastic, 
the inner surface of the reflecting plate 900 preferably 
carries an evaporated film of a luster metal. The 
reflecting plate 900 is not directly in contact with 
chlorine gas or the pollutant and has only to have a 
conventional corrosion-resistant protective film. 
[0100] When the base of the reflecting plate 900 is made 
of an optically transparent material such as glass or an 
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optically transparent plastic, a reflective film is 
preferably formed on the outer surface of the reflecting 
plate 900 by vapor deposition of a luster metal. In this 
case, an underiayer is more preferably polished before vapor 
deposition. 

[0101] According to this configuration, the chlorine- 
containing liquid can be supplied in a batch system or in a 
continuous system . 

[0102] In the seventh embodiment, the case can be 
separated depending on functions as in the first embodiment 
shown in Fig. 2. For example, a unit for aerating the 
chlorine-containing liquid at the bottom of the 
decomposition reactor 901 of Figs. 9A and 9B is isolated as 
a chlorine-containing liquid aeration tank. In the 
chlorine-containing liquid aeration tank, the chlorine- 



containing liquid is aerated with air containing the 
pollutant/ and the resulting air containing chlorine and the 

pollutant is supplied to the decomposition reactor 901 and 

* ' ' . , 

is irradiated with light. 

Modified Seventh Embodiment 

[0103] The configuration of the seventh embodiment can be 

modified . In .this modified configuration , air or another _ 

gas containing the pollutant is directly supplied to the 

decomposition reactor 901 or its separated modification, air 

containing no pollutant is separately supplied from an air 

supply means to the aeration means 107 to form air 

containing chlorine, thereby a gaseous mixture of the two 

gases is formed as the subject to be treated in the gas . 

phase of the decomposition reactor 901 and is irradiated 

with light. 

[0104] Alternatively, air or another gas containing the 
pollutant is directly supplied to the decomposition reactor 
901, chlorine gas supplied from a chlorine gas storage 
container or air or another gas containing the chlorine gas 
is supplied to the decomposition reactor 901, thereby a 
gaseous mixture of the two gases is formed as the subject to 
be treated in a gaseous phase of the decomposition reactor 
901, and the subject is irradiated with light. In this case 
a liquid phase is not required. Further alternatively , the 
polluted air and the chlorine-containing gas are separately 



supplied to the decomposition reactor 901 , or a gas 
containing chlorine and the pollutant is prepared outside 
the decomposition reactor 901, and the resulting gas is 
supplied to the decomposition reactor. In this case, one 
means serves both as the chlorine-containing gas supply 
means and the polluted air supply means. 

.Eighth Embodiment 
[0105] Figs. 1 OA and 10B are a schematic diagram and a 
partial top view, respectively, of the basic configuration 
of a decomposition apparatus as another embodiment of the 
present invention, in which a pollutant dissolved in water 
(a polluted water) is decomposed. 

[0106] The configuration of the apparatus shown in Figs. 
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10A and 10B is basically the same as the apparatus of Figs. 
9A and 9B, except that the position of a drain pipe 1009 and 
the gas-liquid ratio in the decomposition reactor are 
different, and that the apparatus shown in Figs. 1 OA and 10B 
includes no aeration means. The polluted water is supplied 
from a polluted water supply pipe 1003. The pollutant can 
more efficiently be decomposed by agitating the liquid in 
the decomposition reactor 1001 using an aeration means or a 
propeller, but such an agitation means is not always 
required. 

[0107] According to this configuration, the pollutant may 
be decomposed in a batch system or in a continuous system. 



[0108] In comparison with the first and second 
embodiments , the third to eighth embodiments are 
disadvantageous in the ratio of the decomposition reactor to 
the total volume of the apparatus , but are advantageous in 
that the light-reflecting surface is isolated from the 
decomposition reactor and is thereby free from deterioration 
of the light-reflecting surface duetto the chlorine gas or 
the pollutant or from decreased reflectivity of light due to 
impurities formed inside the decomposition reactor, and in 
that, even if the reflectivity is decreased, the light- 
reflecting surface can easily be mended, for example, by 
polishing. 

[0109] All the figures relating to the embodiments only 
show light radiated from the light source in a direction 
perpendicular to the center axis of the light source. In 
actuality, the light scatters in various directions due to 
subtle deformation of the decomposition reactor or the 
reflecting plate or due to diffuse reflection. To reflect 
the scattered light and to irradiate the decomposition 
reactor again with the reflected light, the apparatus may be 
covered with the reflecting plate over its top and bottom or 
may be covered over its side surface alone. The arrows in 
the figures only show examples of optical paths but show 
neither all the optical paths nor typical examples thereof. 
[0110] In the configurations, in which the light is 



applied from the outside of the case serving as the 
decomposition reactor by the light irradiation means, and 
the reflecting plate is arranged so as to cover these 
components , plural pieces of the light irradiation means are 
preferably arranged within the area covered by the 
reflecting plate. Additionally, the present invention also 
includes a configuration in which plural^ separated „pieces of 
the case serving as the decomposition reactor are arranged. 
In examples mentioned below, the present invention will be 
described by taking the case in which the apparatus 
comprises one decomposition reactor as an example. However, 
the apparatus may comprise plural separated pieces of the 
decomposition reactor between plural pieces of the light 
irradiation means, and the reflecting plate; covers these 
components when the apparatus is upsized and the light 
irradiated by the light irradiation means cannot 
significantly reach the center of the decomposition reactor. 
[0111] The decomposition, methods of the present invention 
do not require ultraviolet rays in the range of wavelengths 
of less than or equal to 300 nm for light irradiation, and 
when the decomposition reactor is made of glass in the first 
and second embodiments where the reflective film is formed 
outside the decomposition reactor or in the third, fourth, 
fifth, sixth, seventh and eighth embodiments and 
modifications thereof, conventional glass instead of 



expensive quartz glass can be used. 

Reflecting Surface 
[0112] When the apparatus comprises the reflecting plate 
or part of the decomposition reactor serves as the 
reflecting plate , reflecting surfaces for use herein include , 
for example, glass mirrors, metal plates and articles each 
comprising a lowly luster material or optically transparent 
material to the visible light covered by a metal foil such 
as aluminium foil or a deposited metal film formed by vapor 
deposition. Preferably, an underlayer is polished before 
vapor deposition or the reflecting surface is mirror- 
finished . 

[0113] Luster metals for use in the reflecting plate and 
the vapor-deposition reflective film include, for example, 
aluminum and silver. Of the two metals, aluminum is 
advantageous in lower costs for the preparation of the 
apparatus, but silver is advantageous in lower running costs 
(power consumption) for actual operation, since the light 
reflectivity of silver is 10% higher than that of aluminum. 
More preferably, the reflectivity is further improved by the 
addition of chromium or titanium. 

Substances to Be Decomposed (Pollutant) 
[0114] Pollutants to be decomposed according to the 
present invention include, but are not limited to, 
halogenated aliphatic hydrocarbons, of which chlorinated 



aliphatic hydrocarbons are preferred. Examples of the 
pollutants are chloroethylene, 1 , 1-dichloroethylene, cis- 
1 , 2^dichloroethylene, trans- 1 , 2-dichloroethylene, 
trichloroethylene^ tetrachloroethylene, chloromethane, 
dichloromethane, trichloromethane, 1 , 1 , 1-trichloroethane, 
and other organochlorine compounds . 

[0115] The present invention can treat, as .subjects to be 
treated, fluids such as gases and liquids each containing 
the pollutant, 
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Chlorine-containing Water 
[0116] Chlorine-containing water for use in the present 
invention is water containing dissolved chlorine. Such 
chlorine-containing waters include, for example, chlorine- 
containing water obtained by reducing the pressure of 
chlorine gas supplied from a chlorine gas cylinder and 
aerating water with the chlorine gas in a reservoir equipped 
with an appropriate air diffuser, electrolyzed functional 
waters obtained by electrolysis, and synthesized functional 
waters obtained by dissolving various reagents in water. 
[0117] In each chlorine-containing water, the 
concentration of dissolved chlorine is preferably from 2 
mg/1 to 150 mg/1, and more preferably from 5 mg/1 to 110 
mg/1. Within this range of concatenations, the chlorine- 
containing water can relatively easily be prepared in 
accordance with any technique, and the resulting chlorine- 



containing water can easily be adjusted to an appropriate 
chlorine concentration for decomposition of the pollutant 
when the chlorine-containing water is used to form chlorine 
gas or is mixed with the polluted water. 

[0118] Each of the thus-prepared chlorine-containing 
waters is used for decomposition of the pollutant by 
directly bringing the same .into contact . with the, gas and/or 
liquid containing the pollutant or by bringing the same into 
contact with air to form chlorine gas and then mixing the 
chlorine gas with the gas and/or liquid containing the 
pollutant. 

[0119] When the chlorine-containing water itself or the 
chlorine gas released from the chlorine-containing water is 
mixed with, or brought into contact with, the liquid 
containing the pollutant, the mixing ratio of the former to 
the latter should be controlled so that the chlorine 
concentration in the resulting liquid containing the 
pollutant is preferably equal to or more than 1 mg/1 and 
more preferably equal to or more than 2.5 mg/1. 

Chlorine Gas Cylinder, Pressure Reducing Device and Air 
Dif fuser Means 

[0120] Chlorine gas cylinders for use in the present 
invention may be commercially available chlorine gas 
cylinders for use, for example, sterilization of tap water 
in water purification plants. The chlorine gas from the 



chlorine gas cylinder is reduced in pressure to several 
atmospheres using a commercially available pressure reducing 
device that is chlorine-gas-specific and is subjected to 
anticorrosive treatment, the resulting chlorine gas is 
supplied to an air diffuser means placed in a reservoir and 
thereby is dissolved in water in the reservoir. 
[0121] The material of the air diffuser means is not . 
specifically limited but is preferably a highly 
anticorrosive material such as glass or 

polytetraf luoroethylene (e.g. Teflon (trade mark)). To 
minimize wasted chlorine not dissolved in water, the 
apparatus should preferably comprise the pressure reducing 
device and avoid to aerate the water with excessive amounts 
of the chlorine gas. Additionally, the apparatus preferably 
comprises a device for recovering the chlorine gas and 
aerating the water again with the recovered chlorine gas. 
If the chlorine is still wasted, it may be recovered using, 
for example, a scrubber to prevent the chlorine from 
emitting into the air. 

Functional Water and Apparatus for Preparation Thereof 
[0122] Functional waters for use in the present invention 
include, for example, a water having a hydrogen ion 
concentration (pH) of from 1 to 4, an oxidation-reduction 
potential of from 800 mV to 1500 mV, and a chlorine 
concentration of from 5 mg/1 to 150 mg/1, where the 
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oxidation-reduction potential is determined using a platinum 
electrode as a working electrode and a silver-silver 
chloride electrode as a reference electrode, 
[0123] This type of functional water can be prepared in 
the following manner. An electrolyte such as sodium 
chloride or potassium chloride is dissolved in a raw water, 

t 

- and the resulting solution, is subjected to electrolysis in. a 
reservoir housing a pair of electrodes. In this procedure, 
the functional water can be obtained in the vicinity of an 
anode. By taking sodium chloride as an example, the 
concentration of the electrolyte in the raw water before 
electrolysis is preferably from about 2 0 mg/1 to about 2000 
mg/1 • 

[0124] The functional water obtained by electrolysis of 
the solution containing an electrolyte such as sodium 
chloride or potassium chloride contains ions of a 
hypochlorite, and these ions serve as a source of chlorine. 
[0125] Preferably, a diaphragm is placed between the pair 
of the electrodes during electrolysis , and thereby an acidic 
water formed in the vicinity of the anode is prevented from 
mixing with an alkaline water formed in the vicinity of a 
cathode. The resulting acidic water becomes a functional 
water that can more efficiently decompose an organic 
compound. As the diaphragm, for example, an ion exchange 
membrane can advantageously be used. 
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[0126] Even a mixture containing the acidic water and the 
alkaline water can be used as the functional water. In this 
case, the mixture preferably comprises the acidic water in a 
volume equal to or more than that of the alkaline water. 
[0127] The functional water can be obtained by using a 
commercially available strongly acidic electrolyzed water 
generator (e.g., a product of Asahi Glass Engineering Co ., 
Ltd. under the trade name of "OAS YS BIO HALF"; and a 
strongly electrolyzed water generator produced by AMANO 
CORPORATION, Model FW-200). A functional, water formed by a 
device including no diaphragm can also be used in the 
decomposition of the organic compound. For example, a water 
having a hydrogen ion concentration (pH) of from 4 to 10, an 
oxidation-reduction potential of from 300 to 1100 mV, and a 
chlorine concentration of from 2 to 100 mg/1 can be used as 
the functional water. 

[0128] A functional water nearly having equivalent 
decomposition capability for an organochlorine compound to 
that of the functional water formed by electrolysis can be 
prepared by dissolving various reagents in a raw water, as 
well as by electrolysis. For example, such a functional 
water can be obtained by dissolving 0.001 mol/1 to 0.1 mol/1 
of hydrochloric acid, 0.005 mol/1 to 0.02 mol/1 of sodium 
chloride and 0.0001 mol/1 to 0.01 mol/1 of sodium 
hypochlorite in the raw water. 



[0129] Likewise, the functional water having pH of equal 
to or more than 4 can be prepared by dissolving various 
reagents in a raw water , as weil as by electrolysis. For 
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example, such a functional water can be obtained by 
dissolving 0.001 mol/1 to 0.1 mol/1 of hydrochloric acid, 
0.001 mol/1 to 0.1 mol/1 of sodium hydroxide and 0.0001 
mol/1 to 0.01 mol/1 of sodium hypochlorite in the raw water. 
Alternatively, the functional water may an aqueous solution 
of a hypochlorite alone. Each of sodium hypochlorite and 
potassium hypochlorite can be used alone or in combination 
as the hypochlorite. For example, the functional water can 
be prepared by dissolving 0.0001 mol/1 to 0.01 mol/1 of 
sodium hypochlorite in the raw water. By using hydrochloric 
acid and the hypochlorite in combination, a functional water 
having pH of less than or equal to 4.0 and ah available 
chlorine concentration of equal to or more than 2 mg can be 
prepared. 

[0130] Another inorganic acid or an organic acid can be 
used instead of hydrochloric acid. Such inorganic acids 
include, for example, hydrofluoric acid, sulfuric acid, 
phosphoric acids and boric acids, and such organic acids 
include, for example, acetic acid, formic acid, malic acid, 
citric acid and oxalic acid. The functional water can also 
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be prepared by using isr 3 C 3 0 3 NaCl 2 that is commercially 
available as a powder for the preparation of weakly acidic 



water '(e.g., a product of Clean Chemical Co., Ltd. under the 
trade name of "KINOHSAN 21X" ) . Examples described later 
show that this type of the functional water prepared from 
reagents can also decompose the organochlorine compound by 
light irradiation as in the functional water obtained by 
electrolysis, whereas the two functional waters have 
different decomposition capabilities.. ; 

Raw Water for Chlorine-containing Water 
[0131] Raw waters for use in the present invention can be 
any waters, as far as they do not contain dissolved 
substances that react with chlorine gas without light 
irradiation. When a polluted groundwater is remedied, the 
groundwater itself is preferably used as the raw water to 
further decrease the resulting waste water. In this case, 
the functional water is preferably prepared by adding 
reagents such as a hypochlorite or by aerating the water 
with the chlorine gas supplied from the chlorine gas 
cylinder rather than by electrolysis, since the dissolved 
pollutant vaporizes due to elevated temperatures during 
electrolysis and thereby pollutes the air surrounding the 
apparatus . 

[0132] For example, tap water, river water and seawater 
can be used as the raw water. These types of water 
generally have pH of from about 6 to about 8 and a chlorine 
concentration of at most 1 mg/1. These raw waters do not 



have capability of decomposing the organochlorine compounds. 

Chlorine Gas Concentration and Means for Forming 
Chlorine Gas 

[0133] All the aforementioned chlorine-containing waters 
can yield chlorine gas that is required for decomposition of 
the pollutant. Air containing chlorine gas is obtained by 
allowing the air to pass through a solution of the chlorine- 
containing water and can be used as a gas containing 
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chlorine gas. The air containing the chlorine gas can be 
applied to the embodiments of the present invention by 
mixing the same with a gas containing the pollutant , 
applying light to the resulting mixture and thereby 
decomposing the pollutant. 

[0134] Alternatively, a gas containing the pollutant and 
chlorine can be obtained by allowing , instead of the air 
alone, air containing the pollutant to pass through the 
chlorine-containing water. In this case, the resulting 
chlorine gas has a relatively high concentration. 
[0135] In the gas containing the pollutant and chlorine 
(a gaseous subject to be treated), the concentration of 
chlorine gas is preferably controlled in a range from 5 ppmV 
to 1000 ppmV. The chlorine gas concentration of the gaseous 
subject is more preferably from 20 ppmV to 500 ppmV, and 
typically preferably from 50 ppmV to 100 ppmV to yield 
further improved decomposition efficiency of the pollutant, 



while depending on the concentration of the pollutant in the 
pollutant-containing gas supplied from the outside. 

Light Irradiation Means 
[0136] Light irradiation means for use in the present 
invention include artificial light sources and artificial 
beam-condensing units. The light preferably has a 
wavelength of from 300 to 500 nm, and. more preferably from 
350 to 450 nm. By taking a light source having a peak in 
the vicinity of a wavelength of 360 nm as an example, the 
irradiance to the functional water and the gas and the 
pollutant after passing through the functional water is 
preferably several hundreds microwatts per square centimeter 
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as determined in a range from 300 nm to 400 nm. Within this 
range, the pollutant can sufficiently and practically be 
decomposed. Specifically, the irradiance is preferably from 

10 fiW/cm 2 to 10 mW/cm 2 , and more preferably from 50 jiW/cm 2 to 
5 mW/cm 2 in the closest portion to the light source of a 

gaseous phase to be irradiated. 

[0137] The present invention does not require ultraviolet 
rays having a wavelength of about 250 nm or less as the 
light, and glass and plastics can be used as the 
decomposition reactor. Such ultraviolet rays greatly affect 
the human body. 

[0138] The light sources for the light include, for 
example, natural light sources such as sunlight; and 



artificial light sources such as mercury lamps, black light, 
color fluorescent lamps and light-emitting diodes each 
having a, short wavelength (less than or equal to 500 nm) . 
[0139] In the figures relating to the embodiments, the 
light irradiation means is illustrated by taking a rod- 
shaped light source as an example, but it may also be point- 
like, bulb-shaped, sheet-shaped or of any other shape. 
Aeration Means 

[0140] An air diffuser is preferably used when the air is 
allowed to pass through the polluted water or when the gas 
containing the pollutant and/or a gas for aeration is 
allowed to pass through the chlorine-containing water. Such 
air diff users may be conventional air diffusers for use in 
aeration or bubbling of a gas into a liquid to improve gas- 
liquid contact efficiency. In a preferred air diffuser, 
bubbles have sufficient surface areas to diffuse chlorine. 
[0141] The air diff user preferably comprises a material 
that does not react with the components of the pollutant and 
the chlorine-containing water. For example, porous air 
diffuser plates composed of woven nets of sintered glass, 
porous ceramic, sintered SUS 316 or fibrous SUS 316; and 
spargers made of a glass or SUS 316 pipe can be used as the 
air diffuser. 

Principle Reaction Field in Decomposition Process 
[0142] According to one embodiment of the present 



invention, air which may include the pollutant is allowed to 
pass through the chlorine-containing water and thereby 
yields air containing chlorine gas that is required for 
decomposition. A region, in which the air is allowed to 
pass through the chlorine-containing water, basically plays 
a role to supply the chlorine gas required for decomposition 
A treatment subsequent to this procedure and a gaseous 
reaction in the decomposition reactor constitute a principal 
field of the decomposition reaction. 

[0143] Accordingly, the ratio of a gaseous phase to a 
liquid phase greatly affects the decomposition capability 
when the formation of chlorine and the decomposition 
reaction are performed in one case. Specifically, with an 
increasing volume of the chlorine-containing water, the 
amount of supplied chlorine increases, but the relative 
proportion of the gaseous phase decreases and thereby the 
decomposition reaction field decreases. In contrast, with 
an increasing proportion of the gaseous phase, the reaction 
field increases to proceed the decomposition reaction 
quickly, but the relative proportion of the liquid phase 
decreases to decrease chlorine supply. 

[0144] The proportion of the liquid phase in the case is 
preferably from 5% to 30%, and more preferably from 10% to 
20% when the formation of the air containing chlorine and 
the gaseous decomposition reaction are performed in one case 



while depending on various factors such as the rate of 
aeration and the supply rate of water containing chlorine. 
When the case is separated into a region for the chlorine 
formation by aeration and a region for the gaseous 
decomposition reaction, the volume ratio of the tank for the 
formation of a chlorine-containing air to the tank for the 
-gaseous, decomposition reaction is preferably from about. 1:2, 
to about 1:9. 

Decomposition Reactor 
[0145] Decomposition reactors for use in the present 
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invention so as to physically limit a treatment region, in 
which the pollutant is decomposed, may have any 
configurations. The decomposition reactor may be made of, 
for example, conventional glass or plastics optically 
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transparent to the visible light in the range of wavelengths 
of equal to or more than 300 rim and does not require 
expensive quartz glass or an article having improved 
transparency to ultraviolet rays by addition of a special 
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additive, since the decomposition reaction or remedying 
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reaction according to the present invention proceeds by 
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using light including no light in the range of wavelengths 
of less than 300 nm, as described above. By this 
configuration, the apparatus of the present invention can 
provide a decomposition system at lower costs than the 
apparatus requiring ultraviolet ray irradiation . 



[0146] With an increasing flexibility in selection of the 
material/ the flexibility in selection of the shape and 
configuration of the decomposition reactor increases. For 
example, a bag-shaped article such as an air bag can be used 
as the decomposition reactor. 

[0147] Such bag-shaped decomposition reactors may have 
any configurations as long as they are optically transparent 
to the light used for decomposition of the pollutant (in the 
range of wavelengths of equal to or more than 300 nm, and 
preferably of equal to or more than 3 50 nm) . Among them, 
TEDLAR (trade mark, available from Du Pont Company) bags 
using poly (vinyl fluoride) films and fluororesin bags are 
preferred for their high gas absorptivity and optical 
transparency. 

[0148] By using such a bag-shaped decomposition reactor, 
the apparatus can be prepared at lower costs and can be 
easily placed in, transported from> or removed from the site 
where the pollutant is decomposed, since the resulting 
apparatus is reduced in weight. 

[0149] When the decomposition reactor is bellows-shaped, 
it can be easily folded. 

[0150] The bellows-shaped or bag-shaped decomposition 
reactor can easily be adjusted in size depending on the 
decomposition conditions, and the optimum retention time 
(reaction time) can be selected depending on the conditions 



and other circumstances. 

Decomposition Reaction Mechanism 
[0151] The present inventors have found that 
decomposition of organochlorine compounds is accelerated 
under light irradiation in the presence of chlorine gas, but 
the reaction mechanism thereof has not yet sufficiently been 
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clarified. However, it has been known that chlorine is 
dissociated and thereby yields a chlorine radical upon 
irradiation with light in the specific range of wavelengths. 
Based on this knowledge, the reaction according to the 
present invention is supposed to proceed in the following 
manner. A chlorine radical is formed in the reaction upon 
irradiation with light, reacts with the pollutant and 
thereby cleaves the bond of the pollutant. 

[0152] Oxygen is essential in the reaction according to 
the present invention. Such oxygen, however, can be 
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supplied from within the reaction system as an oxygen 
radical formed by decomposition reaction of water by action 
of chlorine or oxygen generally present in the air. 

EXAMPLES 

[0153] The present invention will be illustrated in 
further detail with reference to several examples and 
comparative examples below, which are not intended to limit 
the scope of the invention. 

EXAMPLE 1: Gas, Electrolyzed Functional Water and 



Monolithic Decomposition Reactor 

[0154] The decomposition apparatus shown in Figs. 1A and 
IB was set up. 

[0155] The decomposition reactor 101 was a 500-ml sealed 
glass case and included a rod-shaped light source 106 at the 
center and the aeration means 107 at the bottom. The light 
source 106 was covered by a glass protective tube 105 . 
Preliminary determination of the wavelength of transmitted 
light of the glass revealed that the glasses did not 
transmit ultraviolet rays each having a wavelength of less 
than or equal to 300 nm. The outside of the decomposition 
reactor 101 was tightly covered with an aluminum foil and 
thereby constituted a light-reflecting surface. 
[0156] Initially , the following electrolyzed functional 
water was prepared using a device for the preparation of a 
strongly acidic electrolyzed watelr (a strongly electrolyzed 

i 

water generator produced by AMANO CORPORATION, Model FW-200) 
and was pooled in the chlorine-containing water supply unit 
102. 

t 

[0157] The electrolyte concentration, electrolytic 
current, electrolytic time and other conditions of water 
containing sodium chloride as an electrolyte were varied, 
the pH of an acidic functional water obtained in the 
vicinity of an anode during electrolysis was determined 
using a pH meter (TCX-901), and the dissolved chlorine 
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concentration of the functional water was determined using a 
simplified reflective photometer (a product of Merck & Co., 
Inc. under the trade name of "RQflex") with a test paper 
( "Ref lectoquant Chlorine Test" ) . 

[0158] The results showed that the pH and the dissolved 
chlorine concentration of the functional water varied from 
4.0 to 10.0 and from 2 mg/1 to 70 mg/1, respectively, 
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depending on the concentration of sodium chloride (standard 
concentration: 1000 mg/1), electrolytic current, 

F 

electrolytic time and other conditions. 

[0159] Based on these results, an electrolyzed functional 
water having pH of 7.9 and a dissolved chlorine 
concentration of 15 mg/1 was used in the present example. 
This functional water was prepared by placing 50 ml of 
distilled water in an electrolytic cell, adding 0.2 ml of a 
20% concentration (250 g/1) sodium chloride aqueous solution 
to the distilled water and thereby yielded an about 1000 
mg/1 sodium chloride aqueous solution, and electrolyzing the 
solution for 12 minutes. 

[0160] The electrolyzed functional water was pooled in 
the chlorine-containing water supply unit 102 and was 
continuously supplied to the decomposition reactor 101 at a 
flow rate of 2 ml/min. using the chlorine-containing water 
supply pump 108 so that 100 ml of the functional water was 
always pooled in the decomposition reactor 101. 



[0161] In a preliminary test, the functional water was 
placed in the decomposition reactor 101 shown in Figs* 1A 
and IB, and the air was supplied to the aeration means 107 
at a flow rate of 800 ml/min. using an air pump. In this 
procedure, the chlorine concentration of a gaseous phase in 
the decomposition reactor 101 was determined several times 
using a gas-detecting tube (produced by GASTEC CORPORATION, 
No. 8H) and was found to range from about 50 ppmV to about 
80 ppmV. 

[0162] The decomposition reactor 101 was then irradiated 
with light from a black-light fluorescent lamp (produced by 
Toshiba Corporation under the trade name of "FL10BLB"; 10 W) 
as the light irradiation means 106. The irradiance in this 
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procedure was from 0.4 to 0.7 mW/cm 2 on the inner surface of 
the protective tube 105 in the decomposition reactor 101. 
[0163] Simultaneously with light irradiation, air 
containing each 100 ppmV of TCE and PCE was supplied from 
the aeration unit 107 at the bottom of the decomposition 
reactor 101 at a flow rate of 800 ml/min. The air 
containing TCE and PCE was prepared using a permeater 
(produced by GASTEC CORPORATION) and was interpreted as a 
polluted air obtained from a polluted soil by vacuum 
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aspiration. 

[0164] An exhaust gas from an exhaust gas pipe 104 and a 

i 

wasted functional water from the drain pipe 109 were 



periodically sampled from the beginning of the decomposition 
in the apparatus , the sampled gas and wasted functional 
water were placed and allowed to stand in a vial for a 
predetermined time, the air in a gaseous phase in the vial 
was then sampled using a gastight syringe, the TCE and PCE 
concentrations in the air were determined using a gas 
chromatograph (produced by Shimadzu Corp., Japan under the 
trade name of GC-14B) equipped with a flame ionization 
detector (FID) and were found to be below the detection 
limit of the detector in all the samples. The detection 
limit was about 0.05 ppmV. 

[0165] The result shows that the apparatus shown in Figs. 
1A and IB can continuously decompose gaseous TCE and PCE. 

COMPARATIVE EXAMPLE 1 

[0166] A test was performed, and the TCE and PCE 
concentrations in the exhaust gas and wasted functional 
water were periodically determined in the same manner as in 
Example 1, except that the light-reflecting surface made of 
aluminum foil was not formed on the glass surface of the 
decomposition reactor 101. 

[0167] The irradiance in this procedure was found to be 
from 0.3 to 0.4 mW/cm 2 on the inner surface of the 
protective tube 105 in the decomposition reactor 101 and to 
be from 0.2 to 0.3 mW/cm 2 on the outer surface of the glass 
of the decomposition reactor 101, indicating that the 



difference between the two irradiances was negligible . 
[0168] As a result, the TCE and PCE concentrations in the 
exhaust gas became, on average, 23 ppmV (decomposition rate: 
about 77%) and 45 ppmV (decomposition rate: about 55%), 
respectively, indicating that the apparatus used herein can 
not continuously and fully decompose the pollutants. 
[0169] In this test procedure, the transparency in the 
decomposition reactor 101 was not decreased due to, for 
example, the formation of mists. 

EXAMPLE 2 : Gas, Electrolyzed Functional Water and 
Separated Decomposition Reactor 

[0170] The bottom of the decomposition reactor 101 shown 
in Fig. 1A was modified as in Fig. 2 to isolate a unit for 
aeration of the chlorine-containing water as the chlorine- 
containing water aeration tank 201. Air containing chlorine 
and the pollutant was formed in the chlorine-containing 
water aeration tank 201, was supplied as a subject to be 
treated to the decomposition reactor 101 and was irradiated 
with light therein. A test was performed, and the TCE and 
PCE concentrations in the exhaust gas and wasted functional 
water were periodically determined in the same manner as in 
Example 1 , except the above procedures . 

[0171] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit in all the samples. 



[0172] The result shows that the apparatus , in which the 
bottom of the decomposition reactor 101 shown in Figs. 1A 
and IB was modified as in Fig. 2, can continuously decompose 
the gaseous TCE and PCE. 

EXAMPLE 3: Gas, Electrolyzed Functional Water, 
Monolithic Decomposition Reactor and Air-aeration 
[0173] A polluted-gas supply pipe (not shown) was placed 
in the gaseous phase of the decomposition reactor 101 shown 
in Figs. 1A and IB, and a polluted gas containing each 200 
ppmV, of TCE and PCE was supplied from a permeater directly 
to the decomposition reactor 101 at a flow rate of 400 
ml/min. Separately, air containing no pollutant was 
supplied to the aeration means 107 at a flow rate of 400 
ml/min. A test was performed, and the TCE and PCE 
concentrations in the exhaust gas and wasted functional 
water were periodically determined in the same manner as in 
Example 1, except the above procedures. 

[0174] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit in all the samples. 
[0175] The result shows that the apparatus can 
continuously decompose the gaseous TCE and PCE even without 
aeration of the functional water with the polluted gas. 

EXAMPLE 4: Gas, Electrolyzed Functional Water, 
Separated Decomposition Reactor and Air-aeration 



[0176] The bottom of the decomposition reactor 101 shown 
in Figs. 1A and IB was modified as in Fig. 2 to isolate a 
unit for aeration of the chlorine-containing water as the 
chlorine-containing water aeration tank 201. A polluted-gas 
supply pipe (not shown) was placed in the gaseous phase of 
the decomposition reactor 101, and air containing each 200 
ppmV of TCE and PCE interpreted as a polluted air was 
supplied from a permeater directly to the decomposition 
reactor 101 at a flow rate of 400 ml/min. Separately, air 
containing no pollutant was supplied to the aeration means 
107 in the chlorine-containing water aeration tank 201 at a 
flow rate of 4 00 ml/min. A test was performed, and the TCE 
and PCE concentrations in the exhaust gas and wasted 
functional water were periodically determined in the same 
manner as in Example 1, except the above procedures . 
[0177] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit in all the samples. 
[0178] The result shows that the apparatus can 
continuously decompose the gaseous TCE and PCE even without 
aeration of the functional water with the polluted air. 

EXAMPLE 5: Gas, Synthetic Functional Water and 
Monolithic Decomposition Reactor 

[0179] A series of aqueous solutions each containing 
0.001 to 0.1 mole/1 of hydrochloric acid, 0.005 to 0.02 



mol/1 of sodium chloride and 0.0001 to 0.01 mol/1 of sodium 
hypochlorite was prepared. The pH and dissolved chlorine 
concentration of each of the aqueous solutions were 
determined and were found to vary from 1.0 to 4.0 and from 5 
mg/1 to 150 mg/1, respectively. Based on these results, an 
aqueous solution containing 0.006 mol/1 of hydrochloric acid, 
0.014 mol/1 of sodium chloride and 0.002 mol/1 of sodium 
hypochlorite and thereby having pH of 2.3 and a dissolved 
chlorine concentration of 105 mg/1 was prepared. A test was 
performed and the TCE and PCE concentrations in the exhaust 
gas and wasted functional water were periodically determined 
in the same manner as in Example. 1, except that the above- 
prepared synthetic functional water was used as the 
functional water. 

[0180] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit in all the samples. 
[0181] The result shows that the apparatus shown in Figs. 
1A and IB can continuously decompose the gaseous TCE and PCE 
by supplying the synthetic functional water thereto. 

EXAMPLE 6: Gas, Chlorine-gas Aerated Water and 
Monolithic Decomposition Reactor 

[0182] Chlorine gas supplied from a chlorine gas cylinder 
( available from Air Liquide Japan, purity: 99%) was reduced 
in pressure using a regulator, and water in a reservoir (not 
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shown) equipped with an air diffuser was aerated with the 
pressure-reduced chlorine gas and thereby yielded a 
chlorine-gas aerated water having pH of 2.3 and a dissolved 
chlorine concentration of 100 mg/1. A test was performed 
5 and the TCE and PCE concentrations in the exhaust gas and 
wasted chlorine-containing water were periodically 
determined in the same manner. as in Example 1, except that 
the above-prepared chlorine-gas aerated water was used. 
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Si [0183] As a result, the TCE and PCE concentrations in the 

~f} 10 exhaust gas and wasted chlorine-containing water were found 

; to be below the detection limit in all the samples. 
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', [0184] The result shows that the apparatus shown in Figs. 

W 1A and IB can continuously decompose the gaseous TCE and PCE 
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iM !i by supplying the chlorine-gas aerated water thereto, which 

15 chlorine-gas aerated water is prepared by aerating water 

with chlorine gas supplied from the chlorine gas cylinder. 

EXAMPLE 7: Gas and Direct Supply of Chlorine Gas 

* * 

[0185] A test was performed and the TCE and PCE 
concentrations in the exhaust gas were periodically 

20 determined in the same manner as in Example 2, except the 

following procedures. Specifically, the chlorine-containing 
water aeration tank 201 of the apparatus shown in Fig. 2 was 
removed, and a polluted-gas supply pipe and a chlorine-gas 
supply pipe were arranged at the bottom of the decomposition 

25 reactor 101, the chlorine-gas supply pipe was connected via 



a regulator to a chlorine gas cylinder (available from Air 
Liquide Japan, purity: 99%), and the chlorine gas was 
supplied to the decomposition reactor 101 so that the 
chlorine gas concentration in the decomposition reactor 101 
was about 100 ppmV. 

[0186] As a result, the TCE and PCE concentrations in the 
exhaust gas were found to be below the, detection limit in 
all the samples. 

[0187] The result shows that the apparatus can 
continuously decompose the gaseous TCE and PCE by directly 
supplying the polluted gas and chlorine gas to the 
decomposition reactor including a gaseous phase alone inside 

EXAMPLE 8: Liquid, Electrolyzed Functional Water, 
Monolithic Decomposition Reactor and Batch System 
[0188] The decomposition apparatus shown in Figs. 3A and 
3B was set up. 

[0189] The decomposition reactor 301 was a 500-ml sealed 
glass case and included the rod-shaped light source 106 at 
the center. The light source 106 was housed in the glass 
protective tube 105. Preliminary determination of the 
wavelength of transmitted light of the glass revealed that 
the glass was optically opaque to ultraviolet rays each 
having a wavelength of less than or equal to 3 00 nm. The 
outside of the decomposition reactor 301 was tightly covered 
with an aluminum foil and thereby constituted a reflecting 



mirror as the light-reflecting surface. 

[0190] Initially, an electrolyzed functional water was 
prepared in the same manner as in Example 1 , was pooled in 
the chlorine-containing water supply unit 102 and was 
supplied in an amount of 200 ml to the decomposition reactor 
301 using the chlorine-containing water supply pump 108. 
Further, 200 ml- of an .aqueous mixture containing each 10 . 
mg/1 of TCE and PCE interpreted as a polluted groundwater 
was supplied from the polluted-water supply pipe 303 at the 
bottom of the decomposition reactor 301. 

[0191] The decomposition reactor 301 was then irradiated 
with light from a black- light fluorescent lamp (produced by 
Toshiba Corporation under the trade name of "FLlOBLB" ; 10 W) 
as the light irradiation means 106. The irradiance in this 
procedure was from 0.4 to 0.7 mW/cm 2 on the inner surface of 
the protective tube 105 in the decomposition reactor 301. 
[0192] A liquid in the decomposition reactor 301 was 
sampled every ten minutes from the beginning of 
decomposition in the apparatus, the samples were sealed and 
allowed to stand in a vial for a predetermined time, the air 
in a gaseous phase in the vial was then sampled using a 
gastight syringe, and the TCE and PCE concentrations in the 
air were determined using a gas chromatograph (produced by 
Shimadzu Corp., Japan under the trade name of GC-14B) 
equipped with a flame ionization detector (FID). The 



concentrations became below the emission standard, 0.03 mg/1 
30 minutes into the decomposition. 

[0193] The result shows that the apparatus shown in Figs. 
3A and 3B can decompose the TCE and PCE in the aqueous 
solution in a batch system. 

COMPARATIVE EXAMPLE 2 
[0194] A test was performed and the TCE and PCE 
concentrations were determined every ten minutes in the same 
manner as in Example 8, except that the reflecting mirror 
made of aluminum foil was not formed on the glass surface of 
the decomposition reactor 301. 

[0195] The irradiance in this procedure was found to be 
from 0.1 to 0.2 mW/cm 2 on the inner surface of the 
protective tube 105 in the decomposition reactor 101 and to 
be from 0.2 to 0.3 mW/cm 2 on the outer surface of the glass 
of the decomposition reactor 301, indicating that the 
difference between the two irradiances was negligible. 
[0196] The TCE and PCE concentrations of a sample 2 hours 
into, the decomposition were 1.2 ppmV (decomposition rate: 
about 88%) and 2.5 ppmV ( decomposition rate: about 75%) , 
respectively, indicating that further time was required to 
make these concentrations below the emission standard/ 0.03 
mg/1 . 

i 

[0197] In this test procedure, the transparency in the 
decomposition reactor 301 was not decreased due to, for 



example, the formation of precipitates or colloids. 

EXAMPLE 9: Liquid , Chlorine-gas Aerated Water and 
Monolithic Decomposition Reactor 

[0198] Chlorine gas supplied from a chlorine gas cylinder 
(available from Air Liquide Japan, purity: 99%) was reduced 
in pressure using a regulator, and water in a reservoir (not 
shown) equipped with an air diffuser was aerated with the 
pressure-reduced chlorine gas and thereby yielded a 
chlorine-gas aerated water having pH of 2.3 and a dissolved 
chlorine concentration of 100 mg/1. A test was performed 
and the TCE and PCE concentrations were determined every ten 
minutes in the same manner as in Example 8 , except that the 
above-prepared chlorine-gas aerated water was used instead 
of the electrolyzed functional water. 

[0199] As a result, the TCE and PCE concentrations in the 
liquid in the decomposition reactor 301 became below the 
emission standard, 0.03 mg/1, 30 minutes into the 
decomposition. 

[0200] The result shows that the apparatus shown in Figs. 
3A and 3B can decompose the TCE and PCE in the aqueous 
solution in a batch system using the chlorine-gas aerated 
water. 

EXAMPLE 10: Liquid, Electrolyzed Functional Water, 
Monolithic Decomposition Reactor, Continuous System 
[0201] The decomposition apparatus shown in Figs. 3A and 



3B was set up as in Example 8. 

[0202] Initially , an electrolyzed functional water was 
prepared in the same manner as in Example 1, was pooled in 
the chlorine-containing water supply unit 102 and was 
continuously supplied to the decomposition reactor 301 using 
the chlorine-containing water supply pump 108 at a flow rate 
of 10 ml/min . so that 400 ml of the functional water was 
always pooled in the decomposition reactor 301. 
[0203] The decomposition reactor 301 was then irradiated 
with light from a black-light fluorescent lamp (produced by 
Toshiba Corporation under the trade name of "FLIOBLB" ; 10 W) 
as the light irradiation means 106. The irradiance in this 
procedure was from 0.4 to 0.7 mW/cm 2 on the inner surface of 
the protective tube 105 in the decomposition reactor 301. 
[0204] Simultaneously with light irradiation , an aqueous 
solution containing each 10 mg/1 of TCE and PCE was supplied 
as the subject to be treated from the polluted-water supply 
pipe 303 at the bottom of the decomposition reactor 301 at a 
flow rate of 10 ml/min. 

[0205] In this procedure , the chlorine concentration of 
the aqueous mixture in the decomposition reactor 301 was 
always around 7 mg/1. 

[0206] A wasted functional water from the drain pipe 309 
was periodically sampled from the beginning of the 
decomposition in the apparatus , the sampled wasted 



functional water was sealed and allowed to stand in a vial 
for a predetermined time, the air in a gaseous phase in the 
vial was then sampled using a gastight syringe, the TCE and 
PCE concentrations in the sampled air were determined using 
a gas chromatography (produced by Shimadzu Corp., Japan under 
the trade name of GC-14B) equipped with a flame ionization 
detector (FID) and were found to be below the emission 
standard, 0,03 mg/1, in all the samples. 

[0207] The result shows that the apparatus shown in Figs. 
3A and 3B can continuously decompose the TCE and PCE in the 
aqueous solution. 

COMPARATIVE EXAMPLE 3 
[0208] A test was performed and the TCE and PCE 
concentrations were periodically determined in the same 
manner as in Example 10, except that the reflecting mirror 
made of aluminum foil was not formed on the glass surface of 
the decomposition reactor 301. 

[0209] The irradiance in this procedure was found to be 
from Owl to 0.2 mW/cm 2 on the inner surface of the 
protective tube 105 in the decomposition reactor 301 and to 
be from 0.2 to 0.3 mW/cm 2 on the outer surface of the glass 
of the decomposition reactor 301, indicating that the 

* 

difference between the two irradiances was negligible. 
[0210] As a result, the TCE and PCE concentrations in the 
wasted water became, on average, 0.2 ppmV (decomposition 



rate: about 98%) and 0.8 ppmV (decomposition rate: about. 
92%), respectively, indicating that the apparatus used 
herein can not continuously and fully decompose the 
pollutants . - 

[0211] During the test, the transparency in the 
decomposition reactor 301 was not decreased due to, for 
example, the formation of precipitates, or colloids. 

EXAMPLE 11: Gas, Electrolyzed Functional Water, 
Monolithic Decomposition Reactor and Elliptical Reflecting 
Mirror 

[0212] The decomposition apparatus shown in Figs, 4A and 
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4B was set up. 

[0213] This decomposition apparatus included the 
elliptically cylindrical reflecting mirror 400 housing the 
cylindrical decomposition reactor 401 at one focus of the 
ellipse and the light irradiation means 106 as a light 
irradiation means at the other focus. The elliptically 
cylindrical reflecting mirror 400 had a mirror-finished 
inner surface and was made of aluminum. The light 
irradiation means 106 was housed in a glass protective tube 
and the decomposition reactor 4 01 included the aeration 
means 107 at its bottom and was made of a 200-ml glass 
column. Preliminary determination of the wavelength of 
transmitted light of the glass revealed that the glass was 
optically opaque to ultraviolet rays each having a 



wavelength of less than or equal to 300 nm. 
[0214] Initially , an electrolyzed functional water was 
prepared in the same manner as in Example 1 , was pooled in 
the chlorine-containing water supply unit 102 and was 
continuously supplied to the decomposition reactor 401 using 
the chlorine-containing water supply pump 108 at a flow rate 
of 2 ml /min . so that 50 ml of the functional water was 
always pooled in the decomposition reactor 401. 
[0215] In a preliminary test, the functional water was 
placed in the decomposition reactor 401 shown in Fig. 4A, 
and the air was supplied to the aeration means 107 at a flow 
rate of 800 ml/min. using an air pump. In this procedure, 
the chlorine concentration of a gaseous phase in the 
decomposition reactor 401 was determined several times using 
a gas-detecting tube (produced by GASTEC CORPORATION, No. 
8H ) and was found to range from about 50 ppmV to about 80 
ppmV. 

[0216] The decomposition reactor 401 was then irradiated 
with light from a black-light fluorescent lamp (produced by 
Toshiba Corporation under the trade name of "FL10BLB" ; 10 W) 
as the light irradiation means 106. The irradiance in this 
procedure was from 0.4 to 0.7 mW/cm 2 on the surface of the 
decomposition reactor 401 in the closest portion to the 
light irradiation means 106. 

[0217] Simultaneously with light irradiation, air 



containing each 100 ppmV of TCE and PCE was supplied from 
the aeration unit 107 at the bottom of the decomposition 
reactor 401 at a flow rate of 300 ml/min. The air 
containing TCE and PCE was prepared using a permeater 
(produced by GASTEC CORPORATION) and was interpreted as a 
polluted air obtained from a polluted soil by vacuum 
aspiration. - '. 

[0218] An exhaust gas from the exhaust gas pipe 104 and a 
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wasted functional water from the drain pipe 109 were 
periodically sampled from the beginning of the decomposition 
operation in the apparatus, the sampled gas and wasted 
functional water were placed and allowed to stand in a vial 
for a predetermined time, the air in a gaseous phase in the 
vial was then sampled using a gastight syringe, the TCE and 
PCE concentrations in the air were determined using a gas 
chromatograph (produced by Shimadzu Corp., Japan under the 
trade name of GC-14B) equipped with a flame ionization 
detector (FID) and were found to be below the detection 
limit of the detector in all the samples. 

[0219] The result shows that the apparatus shown in Figs. 
4A and 4B can continuously decompose the gaseous TCE and PCE 

COMPARATIVE EXAMPLE 4 
[0220] A test was performed and the TCE and PCE 
concentrations were periodically determined in the same 
manner as in Example 11, except that the apparatus included 



no elliptically cylindrical reflecting mirror 400. 
[0221] The irradiance in this procedure was from 0.3 to 
0.4 mW/cm 2 on the surface of the decomposition reactor 401 
in the closest portion to the light irradiation means 106 
and was from 0.2 to 0.3 mW/cm 2 on the opposite surface of 
the decomposition reactor 401 to the light irradiation means 
106, indicating that the difference between the two 
irradiances was negligible. 

[0222] As a result, the TCE and PCE concentrations in the 
exhaust gas became, on average, 31 ppmV (decomposition rate: 
about 69%) and 51 ppmV (decomposition rate: about 49%), 
respectively, indicating that the apparatus used herein can 
not continuously and fully decompose the pollutants. 
[0223] In this test procedure, the transparency in the 
decomposition reactor 401 was not decreased due to, for 
example, the formation of mists. 

EXAMPLE 12: Gas, Electrolyzed Functional Water, 
Separated Decomposition Reactor and Elliptical Reflecting 
Mirror 

[0224] The bottom of the decomposition reactor 401 of Fig 
4A was modified as in Fig. 2 to isolate a unit for aeration 
of the chlorine-containing water (functional water) as the 
chlorine-containing water aeration tank 201. Air containing 
chlorine and the pollutants was formed in the chlorine- 
containing water aeration tank 201, was supplied as the 



subject to be treated to the decomposition reactor 40l and 
was irradiated with light therein. A test was performed, 
and the TOE and PCE concentrations in the exhaust gas and 
wasted functional water were periodically determined in the 
same manner as in Example 11, except the above procedures. 
[0225] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit of the detector in all the samples 
[0226] The result shows that the apparatus, in which the 
bottom of the decomposition reactor 401 of Fig. 4A was 
modified as in Fig. 2, can continuously decompose the 
gaseous TCE and PCE . 

EXAMPLE 13: Gas, Electrolyzed Functional Water, 
Monolithic Decomposition Reactor, Air-aeration and 
Elliptical Reflecting Mirror 

[0227] A polluted-gas supply pipe (not shown) was placed 
in the gaseous phase of the decomposition reactor 401 shown 
in Fig. 4A, and a polluted gas containing each 200 ppmV of 
TCE and PCE was supplied from a permeater directly to the 
decomposition reactor 401 at a flow rate of 300 ml/min. 
Separately, air containing no pollutant was supplied to the 
aeration means 107 at a flow rate of 300 ml/min. A test was 
performed, and the TCE and PCE concentrations in the exhaust 
gas and wasted functional water were periodically determined 

E 

in the same manner as in Example 11, except the above 



procedures • 

[0228] As a result , the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit in all the samples. 
[0229] The result shows that the apparatus can 
continuously and fully decompose the gaseous TCE and PCE 
even without aeration of the functional water with the 
polluted gas. 

EXAMPLE 14: Gas, Electrolyzed Functional Water, 
Separated Decomposition Reactor, Air-aeration and Elliptical 
Reflecting Mirror 

[0230] The bottom of the decomposition reactor 4 01 of Fig. 
4A was modified as in Fig. 2 to isolate a unit for aeration 
of the chlorine-containing water as the chlorine-containing 
water aeration tank 2 01. A polluted gas supply pipe (not 
shown) was placed in the decomposition reactor 401, and air 
containing each 200 ppmV of TCE and PCE interpreted as a 
polluted air was supplied from a permeater directly to the 
decomposition reactor 401 at a flow rate of 300 ml/min. 
Separately, air containing no pollutant was supplied to the 
aeration unit 107 in the chlorine-containing water aeration 
tank 201 at a flow rate of 300 ml/min. A test was performed 
and the TCE and PCE concentrations in the exhaust gas and 
wasted functional water were periodically determined in the 
same manner as in Example 11, except the above procedures. 



[0231] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit in all the samples. 
[0232] The result shows that the apparatus can 
continuously and fully decompose the gaseous TCE and PCE 
even without, aeration of the functional water with the 
polluted air. - - - 

EXAMPLE 15: Gas, Synthetic Functional Water, 
Monolithic Decomposition Reactor and Elliptical Reflecting 
Mirror 

[0233] An aqueous solution containing 0.006 mol/1 of 
hydrochloric acid, 0.014 mol/1 of sodium chloride and 0.002 
mol/1 of sodium hypochlorite and thereby having pH of 2.3 
and a dissolved chlorine concentration of 105 mg/1 was 
prepared as the functional water in the same manner as in 
Example 5 . A test was performed and the TCE and PCE 
concentrations in the exhaust gas and wasted functional 
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water were periodically determined in the same manner as in 

Example 11, except that the above^prepared synthetic 

functional water was used as the functional water. 

[0234] As a result, the TCE and PCE concentrations in the 

exhaust gas and wasted functional water were found to be 

below the detection limit in all the samples. 

[0235] The result shows that the apparatus shown in Figs. 

4A and 4B can continuously and fully decompose the gaseous 



TCE and PCE by supplying the synthetic functional water 
thereto . 

EXAMPLE 16: Gas, Chlorine-gas Aerated Water, 
Monolithic Decomposition Reactor and Elliptical Reflecting 
Mirror 

[0236] Chlorine gas supplied from a chlorine gas cylinder 
(available from Air Liquide. Japan, purity: 99%) was reduced 
in pressure using a regulator, and water in a reservoir (not 
shown) equipped with an air diffuser was aerated with the 
pressure-reduced chlorine gas arid thereby yielded a 
chlorine-gas aerated water having pH of 2.3 and a dissolved 
chlorine concentration of 100 mg/1. A test was performed 
and the TCE and PCE concentrations were periodically 

'I T 

determined in the same manner as in Example 11, except that 
the above-prepared chlorine-gas aerated water was used 
instead of the functional water. 

[0237] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted chlorine-containing water were found 
to be below the detection limit in all the samples. 
[0238] The result shows that the apparatus can 
continuously and fully decompose the gaseous TCE and PCE by 
supplying the chlorine-gas aerated water to the apparatus 
shown in Figs. 4A and 4B, which chlorine^gas aerated water 
is prepared by aerating water with chlorine gas supplied 
from the chlorine gas cylinder. 



EXAMPLE 17: Gas, Direct Supply of Chlorine Gas and 
Elliptical Reflecting Mirror 

[0239] From the apparatus shown in Figs. 4A and 4B, the 
chlorine-containing water supply unit 102 , the aeration unit 
107, the chlorine-containing water supply pump 108 and the 
drain pipe 109 were removed, and the decomposition reactor 
4 01 was rendered to include a gaseous phase alone inside 
thereof. A polluted-gas supply pipe and a chlorine-gas 
supply pipe were arranged at the bottom of the decomposition 
reactor 401, the chlorine-gas supply pipe was connected via 
a regulator to a chlorine gas cylinder (available from Air 
Liquide Japan, purity: 99%), and the chlorine gas was 
supplied to the decomposition reactor 401 so that the 
chlorine gas concentration in the decomposition reactor 401 
was about 100 ppmV. A test was performed and the TCE and 
PGE concentrations in the exhaust gas were periodically 
determined in the same manner as in Example 11, except the 
above procedures. 

[0240] As a result, the TCE and PCE concentrations in the 
exhaust gas were found to be below the detection limit in 
all the samples. 

[0241] The result shows that the apparatus can 
continuously decompose the gaseous TCE and PCE by directly 
supplying the polluted gas and chlorine gas to the 
decomposition reactor of Figs. 4A and 4B. 



EXAMPLE 18: Liquid, Electrolyzed Functional Water, 
Monolithic Decomposition Reactor and Batch System 
[0242] The decomposition apparatus shown in Figs. 5A and 
5B was set up. 

[0243] This decomposition apparatus included the 
elliptically cylindrical reflecting mirror 4 00 housing the 
cylindrical decomposition reactor 401 at one focus of the 
ellipse and the light source 106 as a light irradiation 
means at the other focus. The elliptically cylindrical 
reflecting mirror 400 had a mirror-finished inner surface 
and was made of aluminum. The light irradiation means 106 
was housed in a glass protective tube, and the decomposition 
reactor 501 was made of a 200-ml glass column. Preliminary 
determination of the wavelength of transmitted light of the 
glass revealed that the glass was optically opaque to 
ultraviolet rays in the range of wavelengths of less than or 
equal to 300 nm. 

[0244] Initially, an electrolyzed functional water was 
prepared in the same manner as in Example 1 , was pooled in 
the chlorine-containing water supply unit 102 and was 
supplied to the decomposition reactor 501 using the 
chlorine-containing water supply pump 108 in an amount of 80 
ml. Separately, 80 ml of an aqueous solution containing 
each 10 mg/1 of TCE and PCE was supplied from the polluted- 
water supply pipe 503 at the bottom of the decomposition 



reactor 501. The aqueous solution was pretended as a 
polluted groundwater. 

[0245] The chlorine concentration of the aqueous mixture 
was 7 mg/1. 

[0246] The decomposition reactor 501 was then irradiated 
with light from a black-light fluorescent lamp (produced by 
Toshiba Corporation under the trade name of "FL10BLB" ; 10 W) 
as the light irradiation means 106. The irradiance in this 
procedure was from 0.4 to 0.7 mW/cm 2 on the surface of the 
decomposition reactor 501 in the closest portion to the 
light irradiation means 106. 

[0247] A liquid in the decomposition reactor 501 was 
sampled every ten minutes from the beginning of 
decomposition in the apparatus, the samples were sealed and 
allowed to stand in a vial for a predetermined time, the air 
in a gaseous phase in the vial was then sampled using a 
gastight syringe, and the TCE and PCE concentrations in the 
air were determined using a gas chromatograph (produced by 
Shimadzu Corp. under the trade name of GC-14B) equipped with 
a flame ionization detector (FID). As a result, the 
concentrations became below the detection limit, 30 minutes 
into the decomposition. 

[0248] The result shows that the aipparatus showing Figs. 
5A and 5B can decompose the TCE and PCE in the aqueous 
solution in a batch system. 



COMPARATIVE EXAMPLE 5 

[0249] A test was performed and the TCE and PCE 
concentrations were determined every ten minutes in the same 
manner as in Example 18, except that the apparatus included 
no elliptically cylindrical reflecting mirror 400. 
[0250] The irradiance in this procedure was from 0.2 to 
0.3 mW/cm 2 on the surface of the decomposition reactor 501 
in the closest portion to the light irradiation means 106 
and was from 0.1 to 0.2 mW/cm 2 on the opposite surface of 
the decomposition reactor 501 to the light irradiation means 
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106, to find that the difference between the two irradiances 
was negligible. 

[0251] As a result, the TCE and PCE concentrations in 
terms of liquid in a sample 2 hours into the decomposition 
were 1.3 ppmV (decomposition rate: about 87%) and 2.7 ppmV 
(decomposition rate: about 73%), respectively, indicating 
that further time was required to make the concentrations 
below the detection limit. 

[0252] During the test procedure, the transparency in the 
decomposition reactor 501 was not decreased due to, for 
example, the formation of precipitates or colloids. 

EXAMPLE 19: Liquid, Direct Supply of Chlorine-gas 
Aerated Water, Monolithic Decomposition Reactor, Batch 
System and Elliptical Reflecting Mirror 

[0253] Chlorine gas supplied from a chlorine gas cylinder 



(available from Air Liquide Japan, purity: 99%) was reduced 
in pressure using a regulator, and water in a reservoir (not 
shown) equipped with an air dif fuser was aerated with the 
pressure-reduced chlorine gas and thereby yielded a 
chlorine-gas aerated water having pH of 2.3 and a dissolved 
chlorine concentration of 100 mg./l. A test was performed 
and the TCE and- PCE concentrations were determined every ten 
minutes in the same manner as in Example 18, except that the 
above-prepared chlorine-gas aerated water was used instead 
of the electrolyzed functional water. 

[0254] As a result, the TCE and PCE concentrations in the 
liquid in the decomposition redactor 501 became below the 
emission standard, 0.03 mg/1, 30 minutes into the 
decomposition. 

[0255] The result shows that the apparatus shown in Figs. 
5A and 5B can decompose the TCE and PCE in the aqueous 
solution in a batch system using the chlorine-gas aerated 
water. 

EXAMPLE 20: Liquid, Electrolyzed Functional Water, 
Monolithic Decomposition Reactor and Continuous System 
[0256] The decomposition apparatus shown in Figs. 5A and 
5B was set up as in Example 18. 

[0257] Initially, an electrolyzed functional water was 
prepared in the same manner as in Example 1, was pooled in 
the chlorine-containing water supply unit 102 and was 



continuously supplied to the decomposition reactor 501 using 
the chlorine-containing water supply pump 108 at a flow rate 
of 4 ml/min. so that 160 ml of the functional water was 
always pooled in the decomposition reactor 501. 
[0258] The decomposition reactor 501 was then irradiated 
with light from a black-light fluorescent lamp (produced by 
Toshiba Corporation under the trade name of "FL10BLB"; 10 W) 
as the light irradiation means 106. The irradiance in this 
procedure was from 0.4 to 0.7 mW/cm 2 on the surface of the 
decomposition reactor 501 in the closest portion to the 
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light irradiation means 106. 

[0259] Simultaneously with light irradiation, an aqueous 
solution containing each 10 mg/1 of TCE and PCE interpreted 
as a polluted groundwater was supplied from the polluted- 
water supply pipe 503 at the bottom of the decomposition 
reactor 501 at a flow rate of 4 ml/min. 

[0260] A wasted functional water from the drain pipe 509 
was periodically sampled from the beginning of the 
decomposition in the apparatus, the sampled wasted 
functional water was sealed and allowed to stand in a vial 
for a predetermined time, the air in a gaseous phase in the 
vial was then sampled using a gas tight syringe, the TCE and 
PCE concentrations in the sampled air were determined using 
a gas chromatograph (produced by Shimadzu Corp., Japan under 
the trade name of GC-14B) equipped with a flame ionization 



detector (FID) and were found to be below the detection 
limit in all the samples. 

[0261] The result shows that the apparatus shown in Figs. 
5A and 5B can continuously decompose the TOE and PCE in the 
aqueous solution. 

COMPARATIVE EXAMPLE 6 

[0262] A test was performed and the TCE and PCE 

concentrations were periodically determined in the same 
manner as in Example 20 , except that the apparatus contained 
no elliptically cylindrical reflecting mirror 400. 
[0263] The irradiance in this procedure was from 0.2 to 
0.3 mW/cm 2 on the surface of the decomposition reactor 501 
in the closest portion to the light irradiation means 106 
and was from 0.1 to 0.2 mW/cm 2 on the opposite surface of 
the decomposition reactor 501 to the light irradiation means 
106, indicating that the difference between the two 
irradiances was negligible. 

[0264] As a result , the TCE and PCE concentrations in 
terms of liquid in the wasted water became, on average, 0.2 
ppmV (decomposition rate: about 98%) and 0.9 ppmV 
(decomposition rate: about 91%), respectively, indicating 
that the apparatus used herein can not continuously and 
fully decompose the pollutants. 

[0265] During the test procedure, the transparency in the 
decomposition reactor 501 was not decreased due to, for 



example, the formation of precipitates or colloids. 

EXAMPLE 21 AND COMPARATIVE EXAMPLE 7 

[0266] A test was performed in the same manner as in 
Example 1, except that the conditions on the supplied 
polluted air were changed as in Table 1 • As a comparative 
example , a similar test was performed , except that the 
light-reflecting surface was not formed. The results are 
shown in Table 1. In Example 21 and Comparative Example 7, 

PCE was not used. In Table 1, the symbol "NA" means the TCE 

* ■ 

concentration was below the detection limit. 
[0267] These results show that the present invention can 
exhibit significant advantages even when the concentration 
of TCE to be decomposed varies. 

i 1 

TABLE 1 



Polluted 

air 
condition 


TCE concentration (ppmV) 


1 0 


100 


500 


Flow rate (ml/min. ) 


2000 


1000 


400 

i 

E 


Example 
21 


TCE concentration in 
exhaust gas (ppmV) 


NA 


NA 


1.5 


Decomposition rate (%) 


100 


100 


99.7 


Comp. Ex. 
7 


TCE concentration in 
exhaust gas (ppmV) 


5.9 


43 


220 


Decomposition rate (%) 


41 


5 7 


56 



EXPERIMENTAL EXAMPLE 1 

[0268] In the apparatus used in Comparative Example 1 and 
shown in Figs. 1A and IB, the light intensity on the outer 
surface of the gaseous phase in decomposition reactor 101 
was determined. The light intensity was 0^33 mW/cm 2 when 
the polluted air was not supplied ( i. e. , the inside 



atmosphere was air), and did not change even during the 
decomposition reaction when the polluted air was supplied 
under the same conditions as in Comparative Example 1 - 
[0269] Separately, the apparatus used in Comparative 
Example 2 shown in Figs. 3A and 3B was modified so that the 

T 

aeration means shown in Figs. 1A and IB was formed at the 
bottom of the decomposition reactor 301, the air was . . 
supplied to the aeration means for aeration, and the 
supplied air was exhausted from the top of the decomposition 
reactor 301 . 

[0270] Using the above^prepared apparatus, the light 
intensity on the outer surface of the liquid phase in the 

i 

decomposition reactor 301 was determined. The light 
intensity was 0.15 mW/cm 2 when the polluted water was not 
supplied (i.e., the decomposition reactor 301 included the 
functional water) with aeration, and did not change when the 
polluted water was supplied under the same conditions as in 
Comparative Example 2 . 

[0271] The results in this experimental example show that, 
when the polluted air or polluted water is decomposed by the 
functional water in the apparatus without the light- 
reflecting surface, almost all of the irradiated light 
transmits or escapes and is wasted. 

EXAMPLE 22: Gas, Electrolyzed Functional Water,. 
Monolithic Decomposition Reactor and Covering Reflecting 



Mirror 

[0272] The decomposition apparatus shown in Figs. 6A and 
6B was set up. 

[0273] The decomposition reactor 601 was placed at the 
center of the cylindrical reflecting mirror 600, and three 
pieces of the light irradiation device 106 were placed so as 
to surround -the decomposition reactor 601 to constitute the 
decomposition apparatus. The reflecting mirror 600 had a 
mirror-rf inished inner surface and was made of aluminium. 

E 

The decomposition reactor 601 included the aeration means 
107 at its bottom and was made of a 4 00-ml glass column. 
Preliminary determination of the wavelength of transmitted 
light of the glass revealed that the glass was optically 
opaque to ultraviolet rays in the range of wavelengths of 

* 

less than or equal to 300 nm. 

[0274] Initially, an electrolyzed functional water was 
prepared in the same manner as in Example 1, was pooled in 
the chlorine-containing water supply unit 102 and was 
continuously supplied to the decomposition reactor 601 using 
the chlorine-containing water supply pump 108 at a flow rate 
of 4 ml/min. so that 100 ml of the functional water was 
always pooled in the decomposition reactor 601. 
[0275] In a preliminary test, the functional water was 
placed in the decomposition reactor 601 shown in Fig. 6A, 
and the air was supplied to the aeration means 107 at a flow 



rate of 1600 ml/min. using an air pump. In this procedure, 
the chlorine concentration of a gaseous phase in the 
decomposition reactor 601 was determined several times using 
a gas-detecting tube (produced by GASTEC CORPORATION/ No. 
8H ) and was found to range from about 50 ppmV to about 80 
ppmV. 

[0276] The decomposition reactor 601 was then irradiated 
with light from a black-light fluorescent lamp (produced by 
Toshiba Corporation under the trade name of " FL10BLB" ; 10 W) 
as the light irradiation means 106. The irradiance in this 
procedure was from 1.0 to 1.5 mW/cm 2 on the surface of the 
decomposition reactor 601 in the closest portion to one of 
the light irradiation means 106. 

[0277] Simultaneously with light irradiation, air 
containing each 100 ppmV of TCE and PCE was supplied from 
the aeration means 107 at the bottom of the decomposition 
reactor 601 at a flow rate of 600 ml/min. The air 
containing TCE and PCE was prepared using a permeater 
(produced by GASTEC CORPORATION) and was interpreted as a 
polluted air obtained from a polluted soil by vacuum 
aspiration. 

[0278] An exhaust gas from the exhaust gas pipe 104 and a 
wasted functional water from the drain pipe 109 were 
periodically sampled from the beginning of the decomposition 
operation in the apparatus , the sampled gas and wasted 



functional water were placed and allowed to stand in a vial 
for a predetermined time, the air in a gaseous phase in the 
vial was then sampled using a gas tight syringe, the TCE and 
PCE concentrations in the air were determined using a gas 
chromatograph (produced by Shimadzu Corp., Japan under the 
trade name of GC-14B) equipped with a flame ionization 
detector (FID) and were found to be below the detection _ 
limit of the detector in all the samples. 

[0279] The result shows that the apparatus shown in Figs. 
6A and 6B can continuously decompose the gaseous TCE and PCE 

COMPARATIVE EXAMPLE 8 
[0280] A test was performed and the TCE and PCE 
concentrations were periodically determined in the same 
manner as in Example 22, except that the apparatus included 
no cylindrical reflecting mirror 600. 

[0281] The irradiance in this procedure was from 0.5 to 
0.7 mW/cm 2 on the surface of the decomposition reactor 601 
in the closest portion to one of the light irradiation means 
106 and was from 0.4 to 0.6 mW/cm 2 on the opposite surface 
of the decomposition reactor 601 to the light irradiation 
means 106, to find that the difference between the two 
irradiances was negligible. 

[0282] As a result, the TCE and PCE concentrations in the 
exhaust gas became, on average, 31 ppmV (decomposition rate: 
about 69%) and 50 ppmV (decomposition rate: about 50%), 



respectively , indicating that the apparatus used herein can 
not continuously and fully decompose the pollutants. 
[0283] In this test procedure , the transparency in the 
decomposition reactor 601 was not decreased due to, for 
example , the formation of mists. 

EXAMPLE 23: Gas, Electrolyzed Functional Water, 
Separated Decomposition. Reactor and Covering^ Ref lecting , . 
Mirror 

[0284] The bottom of the decomposition reactor 601 shown 
in Fig. 6A was modified as in Fig. 2 to isolate a unit for 
aeration of the chlorine-containing water as the chlorine- 
containing water aeration tank 201. Air containing chlorine 
and the pollutant was formed in the chlorine-containing 
water aeration tank 201,.. was supplied as the subject to be 
treated to the decomposition reactor 601 and was irradiated 
with light therein. A test was performed, and the TCE and 
PCE concentrations in the exhaust gas and wasted functional 
water were periodically determined in the same manner as in 
Example 22, except the above procedures. 

[0285] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit in all the samples. 
[0286] The result shows that the apparatus, in which the 
bottom of the decomposition reactor 601 shown in Figs. 6A 
and 6B was modified as in Fig. 2, can continuously decompose 



the gaseous TCE and PCE. 

EXAMPLE 24: Gas, Electrolyzed Functional Water, 
Monolithic Decomposition Reactor , Air^aerat ion and Covering 
Reflecting Mirror 

[0287] A polluted-gas supply pipe (not shown) was placed 
in the gaseous phase of the decomposition reactor 601 shown 
in Figs. 6A and 6B, and a polluted gas containing each -200 , 
ppmv of TCE and PCE was supplied from a permeater directly 
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to the decomposition reactor 601 at a flow rate of 600 
ml/min. Separately, air containing no pollutant was 
supplied to the aeration means 107 at a flow rate of 600 
ml/min. A test was performed, and the TCE and PCE 

* 

concentrations in the exhaust gas and wasted functional 
water were periodically determined in the same manner as in 
Example 22, except the above procedures. 

[0288] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit in all the samples. 
[0289] The result shows that the apparatus can 
continuously decompose the gaseous TCE and PCE even without 
aeration of the functional water with the polluted gas. 

EXAMPLE 25: Gas, Electrolyzed Functional Water, 
Separated Decomposition Reactor, Air-aeration and Covering 
Reflecting Mirror 

[0290] With reference to Fig. 7A and 7B, the bottom of 



the decomposition reactor 601 was modified to isolate a unit 
for aeration of the chlorine-containing water as a chlorine^ 
containing water aeration tank 701. A polluted-gas supply 
pipe 703 was placed in the gaseous phase of the 
decomposition reactor 601 , and air containing each 200 ppmV 
of TCE and PCE interpreted as a polluted air was supplied 
from a permeater directly to the decomposition reactor 601 
at a flow rate of 600 ml/min. Separately, air containing no 
pollutant was supplied via an aeration-air supply pipe 703V 
to the aeration means 107 in the chlorine-containing .water 
aeration tank 701 at a flow rate of 600 ml/miri. A test was 
performed , and the TCE and PCE concentrations in the exhaust 
gas and wasted functional water were periodically determined 
in the same manner as in Example 22, except the above 
procedures . 

[0291] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit in all the samples . 
[0292] The result shows that the apparatus can 
continuously decompose the gaseous TCE and PCE even without 
aeration of the functional water with the polluted air. 

EXAMPLE 26: Gas, Synthetic Functional Water, 
Monolithic Decomposition Reactor and Covering Reflecting 
Mirror 

[0293] An aqueous solution containing 0.006 mol/1 of 



hydrochloric acid, 0.014 mol/1 of sodium chloride and 0.002 
mol/1 of sodium hypochlorite and thereby having pH of 2.3 
and a dissolved chlorine concentration of 105 mg/1 was 
prepared as the functional water in the same manner as in 

* 

Example 5. A test was performed and the TCE and PCE 
concentrations in the exhaust gas and wasted functional 
water were periodically determined in the same manner as in 
Example 22, except that the above-prepared synthetic 
functional water was used as the functional water. 
[0294] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit in all the samples. 
[0295] The result shows that the apparatus shown in Figs. 
6A and 6B can continuously and fully decompose the gaseous 
TCE and PCE by supplying the synthetic functional water 
thereto. 

EXAMPLE 27: Gas, Chlorine-gas Aerated Water, 
Monolithic Decomposition Reactor and Covering Reflecting 
Mirror 

[0296] Chlorine gas supplied from a chlorine gas cylinder 
(available from Air Liquide Japan, purity: 99%) was reduced 
in pressure using a regulator, and water in a reservoir (not 
shown) equipped with an air diffuser was aerated with the 
pressure-reduced chlorine gas and thereby yielded a 
chlorine-gas aerated water having pH of 2.3 and a dissolved 



chlorine concentration of 100 mg/1. A test was performed 
and the TCE and PCE concentrations in the exhaust gas and 
wasted chlorine-containing water were periodically 
determined in the same manner as in Example 22, except that 
the above-prepared chlorine-gas aerated water was used 
instead of the functional water. 

[0297] As -a result, the TCE and PCE concentrations in the 
exhaust gas and wasted chlorine-containing water were found 
to be below the detection limit in all the samples. 
[0298] The result shows that the apparatus shown in Figs. 
6A and 6B can continuously decompose the gaseous TCE and PCE 
by supplying the chlorine-gas aerated water thereto, which 
chlorine-gas aerated water is prepared by aerating water 
with chlorine gas supplied from the chlorine gas cylinder. 

EXAMPLE 28: Gas, Direct Supply of Chlorine Gas and 
Covering Reflecting Mirror 

[0299] From the apparatus shown in Figs. 6A and 6B, the 
chlorine-containing water supply unit 102, the aeration 
means 107, the chlorine-containing water supply pump 108 and 
the drain pipe 109 were removed, and the decomposition 
reactor 601 was rendered to include a gaseous phase alone 
inside thereof. A polluted-gas supply pipe and a chlorine- 
gas supply pipe were arranged at the bottom of the 
decomposition reactor 601, the chlorine^gas supply pipe was 
connected via a regulator to a chlorine gas cylinder 



(available from Air Liquide Japan, purity: 99%) , and the 
chlorine gas was supplied to the decomposition reactor 601 

r " r 

so that the chlorine gas concentration in the decomposition 
reactor 601 was about 100 ppmv. A test was performed and 
the TCE and PCE concentrations in the exhaust gas were 
periodically determined in the same manner as in Example 23 , 

■ ■ * 

except the above procedures. 

[0300] As a result, the TCE and PCE concentrations in the 
exhaust gas were found to be below the detection limit in 
all the samples. 

[0301] The result shows that the apparatus of Figs. 6A 
and 6B can continuously decompose the gaseous TCE and PCE by 
directly supplying the polluted gas and chlorine gas to the 
decomposition reactor 601* 

EXAMPLE 29: Liquid, Electrolyzed Functional Water, 
Monolithic Decomposition Reactor, Batch System and Covering 
Reflecting Mirror 

[0302] The decomposition apparatus shown in Figs. 8A and 
8B was set up. 

[0303] The decomposition reactor 801 was placed at the 
center of the cylindrical reflecting mirror 600, and three 
pieces of the light irradiation device 106 were placed so as 
to surround the decomposition reactor 801. The reflecting 
mirror 600 had a mirror-finished inner surface and was made 
of aluminium. The decomposition reactor 801 included the 



aeration means 107 at its bottom and was made of a 400-ml 
glass column. Preliminary determination of the wavelength 
of transmitted light of the glass revealed that the glass 
was optically opaque to ultraviolet rays in the range of 
wavelengths of less than or equal to 300 run. 
[0304] Initially, an electrolyzed functional water was 
prepared in the same manner as in Example 1 , was pooled in 
the chlorine-containing water supply unit 102 and was 
continuously supplied to the decomposition reactor 801 using 
the chlorine-containing water supply pump 808 in an amount 
of 160 ml. Additionally, 160 ml of an aqueous mixture 
containing each 10 mg/1 of TCE and PCE interpreted as a 

i 

polluted groundwater was supplied from the polluted-water 
supply pipe 803 at the bottom of the decomposition reactor 
801. 

[0305] In this procedure, the chlorine concentration in 
the resulting aqueous mixture was 7 mg/1. 

[0306] The decomposition reactor 801 was then irradiated 
with light from a black-light fluorescent lamp (produced by 
Toshiba Corporation under the trade name of "FL10BLB"; 10 W) 
as the light irradiation means 106. The irradiance in this 
procedure was from 1.0 to 1.4 mW/cm 2 on the surface of the 
decomposition reactor 801 in the closest portion to one of 
the light irradiation means 106. 

[0307] A liquid in the decomposition reactor 801 was 
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sampled every ten minutes from the beginning of 
decomposition in the apparatus, the samples were sealed and 
allowed to stand in a vial for a predetermined time, the air 

-i - 

in a gaseous phase in the vial was then sampled using a 
gastight syringe, and the TCE and PCE concentrations in the 
air were determined using a gas chromatograph (produced by 
Shimadzu Corp . under the trade name of GC-14B) egu ipped with 
a flame ionization detector (FID). The TCE and PCE 
concentrations became below the detection limit, 30 minutes 
into the decomposition* 

t L . 1 

[0308] The result shows that the apparatus showing Figs. 
8A and 8B can decompose the TCE and PCE in the aqueous 
solution in a batch system. 

COMPARATIVE EXAMPLE 9 

[0309] A test was performed and the TCE and PCE 
concentrations were determined every ten minutes in the same 
manner as in Example 29, except that the apparatus included 
no cylindrical reflecting mirror 600. 

[0310] The irradiance in this procedure was from 0.4 to 
0.6 mW/cm 2 on the surface of the decomposition reactor 801 
in the closest portion to one of the light irradiation means 
106 and was from 0.3 to 0.5 mW/cm 2 on the opposite surface 
of the decomposition reactor 801 to one of the light 
irradiation means 106, to find that the difference between 
the two irradiances was negligible. 



[0311] As a result, the TCE and PCE concentrations in. 
terms of liquid in a sample 2 hours into the decomposition 
were, on average, 0.8 ppmV (decomposition rate: about 92%) 
and 2.8 ppmV (decomposition rate: about 72%), respectively, 
indicating that the apparatus used herein can not 
continuously and fully decompose the pollutants. 
[0312] During the test procedure, the transparency in the 
decomposition reactor 801 was not decreased due to, for 
example, the formation of precipitates or colloids. 

EXAMPLE 30: Liquid, Chlorine-gas Aerated Water, 
Monolithic Decomposition Reactor, Batch System and Covering 
Reflecting Mirror 

[0313] Chlorine gas supplied from a chlorine gas cylinder 
(available from Air Liquide Japan, purity: 99%) was reduced 
in pressure using a regulator, and water in a reservoir (not 
shown) equipped with an air diffuser was aerated with the 
pressure-reduced chlorine gas and thereby yielded a 
chlorine-gas aerated water having pH of 2.3 and a dissolved 
chlorine concentration of 100 mg/1. A test was performed 
and the TCE and PCE concentrations were determined every ten 
minutes in the same manner as in Example 29, except that the 
above-prepared chlorine-gas aerated water was used instead 
of the electrolyzed functional water. 

[0314] As a result, the TCE and PCE concentrations in the 
liquid in the decomposition reactor 801 became below the 



emission standard, 0.03 mg/1,. 30 minutes into the 
decomposition. 

[0315] The result shows that the apparatus shown in Figs. 
8A and 8B can decompose the TCE and PCE in the aqueous 
solution in a batch system using the chlorine-gas aerated 
water. 

EXAMPLE 31: Liquid, Electrolyzed Functional Water, 
Monolithic Decomposition Reactor, Continuous System and 
Covering Reflecting Mirror 

[0316] The decomposition apparatus shown in Figs. 8A and 
8B was set up as in Example 29. 

[0317] initially, an electrolyzed functional water was 
prepared in the same manner as in Example 1 , was pooled in 
the chlorine-containing water supply unit 102 and was 
continuously supplied to the decomposition reactor 801 using 
the chlorine-containing water supply pump 108 at a flow rate 
of 8 ml/min. so that 320 ml Of the functional water was 
always pooled in the decomposition reactor 801. 
[0318] The decomposition reactor 801 was then irradiated 
with light from a black-light fluorescent lamp (produced by 
Toshiba Corporation under the trade name of "FL10BLB" ; 10 W) 
as the light irradiation means 106. The irradiance in this 
procedure was from 0.5 to 0.8 mW/cm 2 on the surface of the 
decomposition reactor 801 in the closest portion to the 
light irradiation means 106. 



[0319] Simultaneously with light irradiation, an aqueous 
solution containing each 10 mg/1 of TCE and PCE was supplied 
from the polluted-water supply pipe 803 at the bottom of the 
decomposition reactor 801 at a flow rate of 8 ml/min. 
[0320] A wasted functional water from the drain pipe 809 
was periodically sampled from the beginning of the 
decomposition in the apparatus, the sampled wasted 
functional water was sealed and allowed to stand in a vial 
for a predetermined time, the air in a gaseous phase in the 
vial was then sampled using a gastight syringe, the TCE and 
PCE concentrations in the sampled air were determined using 
a gas chromatograph (produced by Shimadzu Corp., Japan under 
the trade name of GC-14B) equipped with a flame ionization 
detector (FID) and were found to be below the detection 
limit in all the samples . 

[0321] The result shows that the apparatus shown in Figs. 
8A and 8B can continuously decompose the TCE and PCE in the 
aqueous solution . 

COMPARATIVE EXAMPLE 10 
[0322] A test was performed and the TCE and PCE 
concentrations were periodically determined in the same 
manner as in Example 31, except that the apparatus included 
no cylindrical reflecting mirror 600. 

[0323] The irradiance in this procedure was from 0.4 to 
0.6 mW/cm 2 on the surface of the decomposition reactor 801 



in the closest portion to one of the light irradiation means 
106 and was from 0.3 to 0.5 mW/cm 2 on the opposite surface 
of the decomposition reactor 801 to the light irradiation 
means 106, to find that the difference between the two 
irradiances was negligible. 

[0324] As a result, the TCE and PCE concentrations in the 
wasted water became, on average, 0.4 ppmV (decomposition 
rate: about 96%) and 1.3 ppmV (decomposition rate: about 
87%), respectively, indicating that the apparatus used 
herein can not continuously and fully decompose the 
pollutants. 

[0325] During the test procedure, the transparency in the 
decomposition reactor 801 was not decreased due to, for 
example, the formation of precipitates or colloids. 

EXAMPLE 32: Gas, Electrolyzed Functional Water, 
Monolithic Decomposition Reactor and Facing Reflecting 

i 

Mirror 

[0326] The decomposition apparatus shown in Figs. 9A and 
9B was set up. 

[0327] The cylindrical reflecting mirror 900 made of 
aluminium and having a mirror-finished surface was placed so 
that the mirror-finished surface faced the decomposition 
reactor 901, and two pieces of the light irradiation means 
106 were placed on the opposite side to the reflecting 
mirror 900 to constitute the decomposition apparatus. The 
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decomposition reactor 901 included the aeration means 107 at 
its bottom and was made of a 4 00-ml glass column. 
Preliminary determination of the wavelength of transmitted 
light of the glass revealed that the glass was optically 
opaque to ultraviolet rays in the range of wavelengths of 
less than or equal to 300 nm. 

[0328] ... Initially, an electrolyzed functional water was 
prepared in the same manner as in Example 1, was pooled in 
the chlorine-containing water supply unit 102 and was 
continuously supplied to the decomposition reactor 901 using 
the chlorine-containing water supply pump 108 at a flow rate 
of 4 ml/min. so that 100 ml of the functional water was 
always pooled in the decomposition reactor 901'. 
[0329] In a preliminary test, the functional water was 
placed in the decomposition reactor 901 shown in Fig. 9A, 
and the air was supplied to the aeration means 107 at a flow 
rate of 1600 ml/min. using an air pump. In this procedure, 
the chlorine concentration of a gaseous phase in the 
decomposition reactor 901 was determined several times using 
a gas-detecting tube (produced by GASTEC CORPORATION, No. 
8H) and was found to range from about 50 ppmV to about 80 
ppmV . 

[0330] The decomposition reactor 901 was then irradiated 
with light from a black-light fluorescent lamp (produced by 
Toshiba Corporation under the trade name of "FL10BLB"; 10 W) 



as the light irradiation means 106. The irradiance in this 
procedure was from 0.5 to 0.7 mW/cm 2 on the surface of the 
decomposition reactor 901 in the closest portion to the 
light irradiation means 106. 

[0331] Simultaneously with light irradiation, air 
containing each 100 ppmV of TCE and PCE was supplied from 
the aeration, means 107 at the bottom of the decomposition 
reactor 901 at a flow rate of 600 ml/min. The air 
containing TCE and PCE was prepared using a permeater 
(produced by GASTEC CORPORATION) and was interpreted as a 
polluted air obtained from a polluted soil by vacuum 
aspiration. 

[0332] An exhaust gas from the exhaust gas pipe 104 and a 
wasted functional water from the drain pipe 109 were 
periodically sampled from the beginning of the decomposition 
operation in the apparatus, the sampled gas and wasted 
functional water were placed and allowed to stand in a vial 
for a predetermined time, the air in a gaseous phase in the 
vial was then sampled using a gas tight syringe, the TCE and 
PCE concentrations in the air were determined using a gas 
chromatograph (produced by Shimadzu Corp., Japan under the 
trade name of GC-14B) equipped with a flame ionization 
detector (FID) and were found to be below the detection 
limit of the detector in all the samples. 

[0333] The result shows that the apparatus shown in Figs. 



9A and 9B can continuously decompose the gaseous TCE and PCE 

COMPARATIVE EXAMPLE 11 

[0334] A test was performed and the TCE and PCE 
concentrations were periodically determined in the same 
manner as in Example 32, except that the apparatus included 
no facing reflecting mirror 900* 

[0335] The irradiance in this procedure was- from 0.5 to 
0.7 mW/cm 2 on the surface of the decomposition reactor 901 
in the closest portion to the light irradiation means 106 
and was from 0 .4 to 0 . 6 mW/cm 2 on the opposite surface of 
the decomposition reactor 901 to the light irradiation means 
106, to find that the difference between the two irradiances 
was negligible. 

[0336] As a result, the TCE and PCE concentrations in the 
exhaust gas became, on average, 43 ppmV (decomposition rate: 
about 57%) and 56 ppmV (decomposition rate: about 44%), 
respectively , indicating that the apparatus used herein can 
not continuously and fully decompose the pollutants. 
[0337] In this test procedure, the transparency in the 
decomposition reactor 901 was not decreased due to, for 
example, the formation of mists. 

EXAMPLE 33: Gas, Electrolyzed Functional Water, 
Separated Decomposition Reactor and Elliptical Reflecting 
Mirror 

[0338] The bottom of the decomposition reactor 901 of Fig 
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9A was modified as in Fig. 2 to isolate a unit for aeration 
of the chlorine-containing water as the chlorine-containing 
water aeration tank 201. Air containing chlorine and the 
substances to be decomposed was formed in the chlorine- 
containing water aeration tank 201, was supplied as the 

» * 

subject to be treated to the decomposition reactor 901 and 

-was: irradiated with light therein,- A -test -was performed, 

and the TCE and PCE concentrations in the exhaust gas and 
wasted functional water were periodically determined in the 
same manner as in Example 32, except the above procedures. 
[0339] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit of the detector in all the samples. 
[0340] The result shows that the apparatus, in which the 
bottom of the decomposition reactor 901 of Fig; 9A was 

* f . 

modified as in Fig. 2, can continuously decompose the 
gaseous TCE and PCE . 

EXAMPLE 34: Gas, Electrolyzed Functional Water, 
Monolithic Decomposition Reactor, Air-aeration and Facing 
Reflecting Mirror 

[0341] A polluted-gas supply pipe (not shown) was placed 
in the gaseous phase of the decomposition reactor 901 shown 
in Fig. 9A, and a polluted gas containing each 200 ppmV of 
TCE and PCE was supplied from a permeater directly to the 
decomposition reactor 901 at a flow rate of 600 ml/min. 
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Separately, air containing no pollutant was supplied to the 
aeration means 107 at a flow rate of 600 ml/min. A test was 
performed, and the TCE and PCE concentrations in the exhaust 
gas and wasted functional water were periodically determined 
in the same manner as in Example 32, except the above 
procedures . 

[0342] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit in all the samples. 
[0343] The result shows that the apparatus can 
continuously and fully decompose the gaseous TCE and PCE 
even without aeration of the functional water with the 
polluted gas. 

EXAMPLE 35: Gas, Electrolyzed Functional Water, 
Separated Decomposition Reactor, Air-aeration and Facing 
Reflecting Mirror 

[0344] The bottom of the decomposition reactor 901 of Fig 
9A was modified as in Fig. 2 to isolate a unit for aeration 
of the chlorine-containing water as the chlorine-containing 
water aeration tank 201. A polluted gas supply pipe (not 
shown) was placed in the decomposition reactor 901, and air 
containing each 200 ppmV of TCE and PCE interpreted as a 
polluted air was supplied from a permeater directly to the 
decomposition reactor 901 at a flow rate of 600 ml /min. 
Separately, air containing no pollutant was supplied to the 
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aeration means 107 in the chlorine-containing water aeration 
tank 201 at a flow rate of 600 ml/min. A test was performed 
and the TCE and PCE concentrations in the exhaust gas and 
wasted functional water were periodically determined in the 
same manner as in Example 32, except the above procedures. 
[0345] As a result, the TCE and PCE concentrations in the 
exhaust gas arid wasted functional water were found to be 
below the detection limit in all the samples . 
[0346] The result shows that the apparatus can 
continuously and fully decompose the gaseous TCE and PCE 
even without aeration of the functional water with the 
polluted air. 

EXAMPLE 36: Gas, Synthetic Functional Water, 
Monolithic Decomposition Reactor and Facing Reflecting 
Mirror 

[0347] An aqueous solution containing 0.006 mol/1 of 
hydrochloric acid, 0.014 mol/1 of sodium chloride and 0.002 
mol/1 of sodium hypochlorite and thereby having pH of 2.3 
and a dissolved chlorine concentration of 105 mg/1 was 
prepared as the functional water in the same manner as in 
Example 5 . A test was performed and the TCE and PCE 
concentrations in the exhaust gas and wasted functional 
water were periodically determined in the same manner as in 
Example 32, except that the above-prepared synthetic 
functional water was used as the functional water. 
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[0348] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted functional water were found to be 
below the detection limit in all the samples. 
[0349] The result shows that the apparatus shown in Figs, 
9A and 9B can continuously and fully decompose the gaseous 

■ * 

TCE and PCE by supplying the synthetic functional water 
thereto, . _ . - 

EXAMPLE 37: Gas, Chlorine-gas Aerated Water, 
Monolithic Decomposition Reactor and Facing Reflecting 
Mirror 

[0350] Chlorine gas supplied from a chlorine gas cylinder 
(available from Air Liquide Japan, purity: 99%) was reduced 
in pressure using a regulator, and water in a reservoir (not 
shown) equipped with an air diffuser was aerated with the 
pressure^reduced chlorine gas and thereby yielded a 
chlorine-gas aerated water having pH of 2.3 and a dissolved 

i * 

chlorine concentration of 100 mg/1. A test was performed 
and the TCE and PCE concentrations in the exhaust gas and 
wasted chlorine-containing water were periodically 
determined in the same manner as in Example 32, except that 
the above-prepared chlorine-^gas aerated water was used 
instead of the functional water. 

[0351] As a result, the TCE and PCE concentrations in the 
exhaust gas and wasted chlorine-containing water were found 
to be below the detection limit in all the samples. 
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[0352] The result shows that the apparatus shown in Figs. 
9A and 9B can continuously and fully decompose the gaseous 
TCE and PCE by supplying the chlorine-gas aerated water 
thereto, which chlorine-gas aerated water is prepared by 
aerating water with chlorine gas supplied from the chlorine 
gas cylinder, 

EXAMPLE 38 : Gas /Direct Supply of Chlorine Gas -and 

i 

Facing Reflecting ilirror 

[0353] From the apparatus shown in Figs. 9A and 9B> the 
chlorine-containing water supply unit 102 , the aeration 
means 107, the chlorine-containing water supply pump 108 and 
the drain pipe 109 were removed, and the decomposition 
reactor 601 was rendered to include a gaseous phase alone 
inside thereof. A polluted-gas supply pipe and a chlorine- 
gas supply pipe were arranged at the bottom of the 
decomposition reactor 901, the chlorine-gas supply pipe was 
connected via a regulator to a chlorine gas cylinder 
(available from Air Liquide Japan, purity: 99%), and the 
chlorine gas was supplied to the decomposition reactor 901 
so that the chlorine gas concentration in the decomposition 
reactor 901 was about 100 ppmV. A test was performed and 
the TCE and PCE concentrations in the exhaust gas were 
periodically determined in the same manner as in Example 32, 
except the above procedures. 

[0354] As a result, the TCE and PCE concentrations in the 
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exhaust gas were found to be below the detection limit in 
all the samples. 

[0355] The result shows that the apparatus of Figs. 9A 
and 9B can continuously decompose the gaseous TCE and PCE by 
directly supplying the polluted gas and chlorine gas to the 
decomposition reactor 901. 

EXAMPLE 39: Liquid, -Electrolyzed Functional Water, ~ . 
Monolithic Decomposition Reactor, Batch System and Facing 
Reflecting Mirror 

[0356] The decomposition apparatus shown in Figs. 10A and 
10B was set up. 

[0357] The flat reflecting mirror 900 made of glass and 
having a reflecting surface was placed so that the 

* j + 

reflecting surface faced the decomposition reactor 1001, and 
two pieces of the light irradiation means 106 were placed on 
the opposite side to the reflecting mirror 900 and thereby 

f. 

constituted the decomposition apparatus. The decomposition 
reactor 1001 included the aeration means 107 at its bottom 
and was made of a 400-ml glass column. Preliminary 
determination of the wavelength of transmitted light of the 
glass revealed that the glass was optically opaque to 
ultraviolet rays in the range of wavelengths of less than or 
equal to 300 nm. 

[0358] Initially, an electrolyzed functional water was 
prepared in the same manner as in Example 1 , was pooled in 
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the chlorine-containing water supply unit 102 and was 
supplied to the decomposition reactor 1001 using the 
chlorine-containing water supply pump 108 in an amount of 
160 ml. Additionally, 160 ml of an aqueous mixture 
containing each 10 mg/1 of TCE and PCE interpreted as a 
polluted groundwater was supplied from a polluted-water 
supply pipe 1003 at the bottom of -the decomposition reactor 
1001. 

[0359] The decomposition reactor 1001 was then irradiated 
with light from a black-light fluorescent lamp (produced by 
Toshiba Corporation under the trade name of "FL10BLB"; 10 W) 
as the light irradiation means 106. The irradiance in this 
procedure was from 0.5 to 0.6 mW/cm 2 on the surface of the 
decomposition reactor 1001 in the closest portion to, the 
light irradiation means 106. 

[0360] A liquid in the decomposition reactor 1001 was 

i 

sampled every ten minutes from the beginning of 
decomposition in the apparatus, the samples were sealed and 
allowed to stand in a vial for a predetermined time,, the air 
in a gaseous phase in the vial was then sampled using a 
gastight syringe, and the TCE and PCE concentrations in the 
air were determined using a gas chromatograph (produced by 
Shimadzu Corp. under the trade name of GC-14B) equipped with 
a flame ionization detector (FID). The TCE and PCE 
concentrations became below the detection limit, 30 minutes 
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into the decomposition. 

[0361] The result shows that the apparatus shown in Figs. 
10A and 10B can decompose the TCE and PCE in the aqueous 
solution in a batch system. 

COMPARATIVE EXAMPLE 12 
[0362] A test was performed and the TCE and PCE 
-concentrations were determined every ten minutes in the same 
manner as in Example 39, except that the apparatus included 
no reflecting mirror 900. 

[0363] The irradiance in this procedure was from 0.4 to 
0.6 mW/cm 2 on the surface of the decomposition reactor 1001 
in the closest portion to the light irradiation means 106 
and was from 0.4 to 0.5 mW/cm 2 on the opposite surface of 
the decomposition reactor 1001 to the light irradiation 
means 106, to find that the difference between the two 
irradiances was negligible. 

[0364] As a result, the TCE and PCE concentrations in 
terms of liquid in a sample 2 hours into the decomposition 
were 1.5 ppmV (decomposition rate: about 85%) and 3.7 ppmV 
(decomposition rate: about 63%), respectively, indicating 
that further time was required to make the concentrations 
below the detection limit. 

[0365] During the test, the transparency in the 
decomposition reactor 1001 was not decreased due to, for 
example, the formation of precipitates or colloids. 



EXAMPLE 40: Liquid, Chlorine-gas Aerated Water, 
Monolithic Decomposition Reactor, Batch System and Facing 
Reflecting Mirror 

[0366] Chlorine gas supplied from a chlorine gas cylinder 
(available from Air Liquide Japan, purity: 99%) was reduced 
in pressure using a regulator, and water in a reservoir (not 
shown) equipped with an air dif f user was aerated with the 
pressure-reduced chlorine gas and thereby yielded a 
chlorine-gas aerated water having pH of 2.3 and a dissolved 
chlorine concentration of 100 mg/1. A test was performed 

i 

and the TCE and PCE concentrations were determined every ten 
minutes in the same manner as in Example 39, except that the 
above-prepared chlorine-gas aerated water was used instead 
of the electrolyzed functional water. 

[0367] As a result, the TCE and PCE concentrations in the 
liquid in the decomposition reactor 1001 became below the 
emission standard, 0.03 mg/1, 3 0 minutes into the 
decomposition. 

[0368] The result shows that the apparatus shown in Figs. 
10A and 10B can decompose the TCE and PCE in the aqueous 
solution in a batch system using the chlorine-gas aerated 
water. 

EXAMPLE 41: Liquid, Electrolyzed Functional Water, 
Monolithic Decomposition Reactor, Continuous System and 
Facing Reflecting Mirror 



[0369] The decomposition apparatus shown in Figs. 10A and 
10B was set up as in Example 39. 

[0370] Initially , an electrolyzed functional water was 
prepared in the same manner as in Example 1, was pooled in 
the chlorine-containing water supply unit 102 and was 
continuously supplied to the decomposition reactor 1001 
using the chlorine-containing water supply pump 108 at a ~ - 
flow rate of 8 ml/min. so that 320 ml of the functional 
water was always pooled in the decomposition reactor 1001. 
[0371] The decomposition reactor 1001 was then irradiated 
with light from a black-light fluorescent lamp (produced by 
Toshiba Corporation under the trade name of "FL10BLB"; 10 W) 
as the light irradiation means 106. The irradiance in this 
procedure was from 0.5 to 0.8 mW/cm 2 on the surface of the 
decomposition reactor 1001 in the closest portion to the 
light irradiation means 106. 

[0372] Simultaneously with light irradiation , an aqueous 
solution containing each 10 mg/1 of TCE and PCE interpreted 
as a polluted groundwater was supplied from the polluted- 
water supply pipe 1003 at the bottom of the decomposition 
reactor 1001 at a flow rate of 8 ml/min. 

[0373] A wasted functional water from the drain pipe 1009 
was periodically sampled from the beginning of the 
decomposition in the apparatus, the sampled wasted 
functional water was sealed and allowed to stand in a vial 



for a predetermined time, the air in a gaseous phase in the 
vial was then sampled using a gas tight syringe, the TCE and 
PCE concentrations in the sampled air were determined using 
a gas chromatograph (produced by Shimadzu Corp., Japan under 
the trade name of GC-14B) equipped with a flame ionization 
detector (FID) and were found to be below the detection 
limit in all the samples. — 

[0374] The result shows that the apparatus shown in Figs. 
10A and 10B can continuously and fully decompose the TCE and 
PCE in the aqueous solution. 

COMPARATIVE EXAMPLE 13 
[0375] A test was performed and the TCE and PCE 
concentrations were periodically determined in the same 
manner as in Example 41, except that the apparatus included 
no reflecting mirror 900. 

[0376] The irradiance in this procedure was from 0.4 to 
0.5 mW/cm 2 on the surface of the decomposition reactor 1001 
in the closest portion to the light irradiation means 106 
and was from 0.3 to 0.5 mW/cm 2 on the opposite surface of 
the decomposition reactor 1001 to the light irradiation 
means 106, to find that the difference between the two 
irradiances was negligible. 

[0377] As a result, the TCE and PCE concentrations in 
terms of liquid in the wasted water became, on average, 0.9 
ppmV (decomposition rate: about 91%) and 1.8 ppmV 



(decomposition rate: about 82% ), respectively , indicating 
that the apparatus used herein can not continuously and 
fully decompose the pollutants. 

[0378] During the test procedure , the transparency in the 
decomposition reactor 1001 was not decreased due to, for 
example, the formation of precipitates or colloids. 

* - » 

[0379] While the present invention has been described 
with reference to what are presently considered to be the 
preferred embodiments , it is to be understood that the 
invention is not limited to the disclosed embodiments. On 
the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within 

1 3 

the sprit and scope of the appended claims. The scope of 
the following claims is to be accorded the broadest 
interpretation so as to encompass all such modifications and 
equivalent structures and functions. 



